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ABSTRACT 


Common  wheat  (Triticum  aestivum  L.)  cultivars  Marquis, 
Chinook,  Khush-hal,  Ciano-67  and  Inia-66  were  used  as  parents  of  a 
five-parent  diallel  cross.  The  ,  F^,  backcross  and  selfed  backcross 
generations  of  this  diallel  cross  were  used  as  materials  in  this  study. 
The  experimental  data  were  investigated  by  means  of  principal  factor 
analysis,  general  and  specific  combining  ability  analysis,  diallel  cross 
analysis  for  genetic  components  of  variation  and  genotype-environment 
interaction  analysis.  The  data  on  ten  characters  were  recorded  from 
materials  grown  at  Ellerslie  and  Parkland.  The  characters  considered 
were:  onset-of-heading ,  final  heading,  heading-span,  plant  height, 

number  of  tillers  per  plant,  number  of  spikelets  per  spike,  number  of 
seeds  per  spike,  weight  of  seeds  per  spike,  1000-kernal  weight  and 
yield  per  plant. 

In  the  factor  analyses ,  correlation  matrices  indicated 
that  early  maturing  varieties  were  high  yielding.  Yield  per  plant 
was  positively  correlated  with  its  subcharacters  or  components  - 
There  was  no  correlation  between  yield  and  plant  height.  Varimax 
rotated  factor  matrices  for  each  generation  of  the  diallel  cross 
constituted  five  principal  factors  which  were  named  according  to  the 
magnitude  of  the  factor  loading  on  the  characters.  The  results  of 
the  factor  analyses  confirmed  the  conclusions  drawn  from  correlation 
analyses.  The  scores  of  factor  loadings  on  various  characters  were 
different  for  two  locations  but  the  generations  appeared  not  to  affect 
them  significantly. 
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The  general  and  specific  combining  ability  analyses 
indicated  that  parental  lines  possessing  high  GCA's  usually  produced 
hybrids  with  low  SCA's  and  therefore  general  combining  ability  of  the 
parents  does  not  necessarily  constitute  a  criterion  for  evolving 
hybrids  with  high  specific  combining  ability.  The  variances  for  GCA's 
were  usually  greater  than  those  for  SCA's  for  all  the  characters,  and 
in  those  cases  where  SCA- variances  were  larger,  the  importance  of  non¬ 
additive  gene  effects  for  the  characters  concerned  has  been  emphasized. 
SCA- variances  significantly  higher  than  GCA  variances  indicated  in¬ 
stabilities  of  the  cultivar  for  the  character  concerned  and  therefore 
these  differences  may  be  used  as  criteria  for  the  selection  in  pedigree- 
record  breeding.  Mean  squares  for  GCA's  were  in  general  all  signifi¬ 
cant.  Analysis  also  showed  that  GCA's  were  not  significantly  affected 
either  by  generations  of  the  diallel  set  or  by  locations.  The  stability 
of  the  response  of  each  cultivar  with  respect  to  its  GCA  was  consistent 
over  two  locations . 

The  mean  degree  of  dominance  with  respect  to  different 
characters  ranged  from  partial  to  over-dominance .  The  proportions 
of  alleles  with  positive  and  negative  effects  were  not  the  same  for 
all  the  characters:  complete  symmetry  was  observed  for  some  and  asym¬ 
metry  for  others.  For  some  characters  dominant  and  recessive  genes 
in  the  parents  were  in  equal  proportions  and  for  others  either  there 
was  a  preponderance  of  dominants  or  of  recessives.  Character  dif¬ 
ferences  were  found  to  be  controlled  by  at  least  one  to  three  groups 
of  genes.  The  analyses  for  the  characters  considered  have  shown  that 


v 


■ 


the  genetic  components  of  variation  were  relatively  stable  over 
the  generations.  They  were  more  consistent  when  estimated  from 
the  variances  and  covariances  of  adjusted  treatment  means  (from 
ANOVA  of  partially  balanced  lattice  design)  than  when  estimated  from 
unadjusted  means  (experiments  treated  as  randomized  blocks) . 
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INTRODUCTION 


The  degree  to  which  a  quantitative  or  metrical  trait  is 
phenotypically  expressed  in  individuals  depends  on  their  genotype  and 
the  environmental  conditions  under  which  they  are  grown.  It  is  assumed, 
and  the  experimental  data  seems  to  confirm  it  in  most  of  the  cases,  that 
the  genotype  considered  with  respect  to  a  metrical  character  is  a  set 
of  genes  referred  to  by  Mather  individually  as  polygenes  and  collectively 
as  a  polygenic  system  (Mather,  1949) .  These  genes  axe  often  inter¬ 
dependent  both  in  their  action  and  transmission.  In  a  polygenic  system 
underlying  a  quantitative  character,  the  allelic  and  non-allelic  inter¬ 
actions  are  the  most  usual  forms  of  manifestation  of  gene  effects  and 
inheritance  pattern.  The  interaction  of  alleles  at  a  given  locus  is 
known  as  dominance,  while  non— allelic  interaction,  viz.,  interaction 
between  the  genes  at  different  loci,  may  take  the  fora  of  complementary- 
gene,  duplicate-gene  or  other  classical  relationships.  All  these  effects 
are  referred  to  generally  as  'epistasis'  in  biometrical  genetics. 

Different  genotypes  defined  with  reference  to  a  metrical 
character  do  not  react  alike  to  a  given  change  in  environment.  This 
means  that  genotype  and  environment  are  not  independent  in  their  action 
in  producing  the  phenotype.  Consequently  the  variation  in  the  degree 
of  expression  of  the  character  is  assumed  to  consist  of  genotypic,  environ¬ 
mental  and  genotype-environment  interaction  components  which  may  respect¬ 
ively  be  partitioned  in  a  biometrically  defined  experimental  design. 

The  measurement  of  genotype — environment  interaction  in  the  diallel  cross 
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is  quite  efficient  and  informative ,  since  a  number  of  parental  strains 
can  be  assessed  together  with  their  hybrid  generations. 

The  dialled  cross  technique  is  one  of  the  conventional 
approaches  used  in  biometrical  genetics  to  obtain  adequate  information 
regarding  the  inheritance  of  a  quantitative  character.  The  procedure, 
first  introduced  by  Schmidt  (1919)  involves  crossing  a  set  of  parental 
lines  in  all  possible  combinations,  including  their  reciprocals,  in  order 
to  obtain  an  estimation  of  the  magnitude  of  genetic  variability  ascribable 
to  the  differences  among  the  parental  lines..  The  quantitative  genetic 
analysis  of  a  dialled  cross  based  on  a  set  of  postulated  assumptions  is 
presented  and  discussed  in  detail  by  Jinks  and  Hayman  (1953) ,  Hayman  (1954a, 
1954b,  1958  and  1960),  Jinks  (1954  and  1956)  and  Kempthorne  (1956).  By 
means  of  pertinent  parameters  obtainable  from  the  analysis  of  the  diallel 
cross,  the  mean  degree  of  dominance,  the  proportion  of  positive  to  negative 
alleles  at  loci  exhibiting  dominance,  the  proportion  of  dominant  to  reces¬ 
sive  genes  in  the  parents ,  and  the  correlation  between  the  parental  order 
of  dominance  and  parental  measurements  can  be  determined.  In  addition, 
the  graphical  analysis  of  the  regression  of  array  covariances  on 

array  variances  {V  )  permits  the  separation  of  true  dominance  from  the 
spurious  one  caused  by  non— allelic  interaction  and  categorizes  the  parents 

according  to  their  degree  of  dominance. 

The  analysis  of  genotype-environment  interaction  by  means 
of  a  diallel  cross  replicated  in  time,  in  space  or  in  both  time  and  space, 
provides  information  on  the  pattern  of  reaction  of  homozygous  parents  and 
their  hybrids  to  environmental  variation.  The  value  of  such  an  analysis 


* 


, 


. 

■ 

. 


3 


is  that  the  significant  inter-environmental  differences  characteristic 
of  different  genotypes  are  reflected  in  the  array  variances  and  co- 
variances  by  their  effects  on  the  relative  magnitude  of  components  of 
these  statistics.  The  project  reported  in  this  thesis  deals  with  this 
type  of  analysis  of  genotype-environment  interaction  in  a  five-parent 
diallel  cross  in  common  wheat  ( Triticum  aestivum  L.) .  The  purpose  of 
the  investigation  was  to  obtain  information  regarding  the  extent  to  which 
the  genetic  components  of  variation  and  the  combining  abilities  of  the 
parental  lines  are  affected  by  environmental  changes. 


REVIEW  OF  LITERATURE 


General  background 

A  diallel  cross  involves  the  mating  of  n  genotypes ,  individual 
clones  or  homozygous  lines  in  all  possible  combinations  to  give  [n(n-l)] 

crosses,  including  reciprocals.  The  total  number  of  such  combinations  comes 

2  2 

to  7i  if  the  parents  are  also  included  as  seifs.  The  yl  combinations  may 

be  arranged  in  the  form  of  a  square  matrix,  the  rows  and  columns  of  which 
correspond  to  the  offspring  of  each  parent,  the  Yl  parents  themselves  occu¬ 
pying  the  main  diagonal.  Such  an  arrangement  of  arrays,  known  as  a  diallel 

2 

table,  may  be  complete  or  incomplete.  Complete  tables  consist  of  all  Yl 
entries,  while  in  incomplete  ones  the  parental  or  reciprocal  entries  may 
be  absent.  Griff ing  (1956)  has  developed  four  possible  methods  of  cons¬ 
tructing  a  diallel  table,  together  with  the  corresponding  forms  of  ana¬ 
lysis.  These  are:  (1)  the  parents,  all  the  F  's  and  their  reciprocals 
are  included  ( n  combinations) ;  (2)  the  parents  and  one  set  of  F^'s  are 

included  but  not  the  reciprocals  [%n(n+l)  combinations];  (3)  one  set  of 
F^'s  and  reciprocals  are  included  but  parents  are  not  [yi(yi-I)  combinations]; 
and  (4)  one  set  of  F^s  is  included  but  the  reciprocal  crosses  and  the 
parents  are  not  [%yi(yi-1)  combinations].  For  each  of  these  combinations. 
Griff ing  has  developed  two  kinds  of  statistical  analyses,  arising  from 
different  assumptions  regarding  the  sampling  nature  of  the  experimental 
material;  either  it  is  assumed  to  be  a  random  sample  from  the  population 
or  it  is  assumed  to  be  deliberately  chosen,  and  therefore  not  a  random 
sample . 
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The  biometrical-genetic  analysis  of  a  diallel  cross  as 
formulated  by  Hayman  (1954b)  is  based  on  the  following  set  of  assumptions 

1.  Homozygous  parents 

2.  Normal  diploid  segregation 

3.  No  differences  between  reciprocal  crosses 

4.  Independent  action  of  non-allelic  genes 

5 .  No  multiple  allelism 

6.  Genes  independently  distributed  between  the  parents. 

The  genetic  analysis,  discussed  by  different  authors  (Hull  1945; 

Hayman  1954a,  1954b,  1958,  1960;  Jinks  1954,  1956  and  Jinks  and  Hayman 
1953)  implies  the  estimation  of  genetic  components  of  variation  from 
the  following  second  degree  statistics: 


V 


0L0 


=  Variance  of  the  parents 


W  = 
v 


W 


0L01  = 


7  = 
r 


Covariance  between  the  parents  and  their 
offspring  in  one  array  (rth.  array) 

Mean  covariance  between  the  parents  and 
their  offspring  over  the  arrays 

Variance  of  the  rth  array 


V 


1L1 


=  Mean  variance  of  the  arrays 


(M  -M  )  = 
'  LI  LO 


Difference  between  the  mean  of  the  parents 
and  the  mean  of  their  progeny 


The  description  of  the  genetic  components  of  variation  is  given  below: 

D  =  Component  of  variation  due  to  additive  gene  effects 

H i  =  Component  of  variation  due  to  dominance  effects 
of  the  genes 

Hg  =  Component  of  variation  due  to  dominance  effects, 
corrected  for  gene  distribution 
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F  ■=  Covariation  between  additive  and  dominance  effects 
over  all  the  arrays .  Thus  R  could  be  used  to 
determine  the  relative  proportion  of  dominant  to 
recessive  alleles  in  the  parents  involved. 

The  expected  values  of  these  genetic  components  of  variation  in  terms 

of  variances  and  covariances  have  been  described  by  Mather  (1949) , 

Hayman  (1954b,  1958),  Jinks  (1954,  1956)  and  Mather  and  Jinks  (1971). 

The  relationship  between  the  array  variances  and  covariances , 
expressed  graphically,  shows  the  overall  genetic  situation  with  respect 
to  the  inheritance-pattern  of  a  particular  character.  When  the  set  of 
assumptions  described  earlier  are  valid,  the  W '^-V '  differences  are 
constant  over  the  arrays,  the  regression  of  covariance  on  the  array 
variance  is  a  straight  line  of  unit  slope  and  all  the  points  of  V 

intercepts  lie  on  this  line.  The  upper  and  the  lower  limits  where  the 
W  j  V  intercepts  can  lie  are  the  points  where  the  regression  line  inter¬ 
sects  the  limiting  parabola.  These  points  correspond  respectively  to 
the  completely  recessive  and  completely  dominant  parents,  and  thus  show 
the  possible  limits  of  selection. 

A  deviation  from  the  expected  regression  line  of  unit  slope 
indicates  the  presence  of  non-allelic  interaction.  Any  type  of  non¬ 
allelic  interaction  affecting  the  crosses  in  an  array  will  inflate  the 
variance  of  that  array  and  reduce  the  parent-offspring  covariance.  Such 
an  increase  in  variance  relative  to  covariance  will  move  the 
graph  towards  the  right,  giving  an  apparent  increase  in  dominance,  and 
will  cause  the  slope  of  the  regression  line  to  be  less  than  unity.  Thus, 
with  R^  =  D  (complete  dominance)  ,  ^  ^Ll  *  ^ 0L01  ~  ^  an<^  t*le  ^ne  un^-t 


i 


7 


slope  will  pass  through  the  origin;  with  >  D  (over-dominance) , 

V  t  W  >  1  and  the  line  will  cross  the  ordinate  below  the  origin; 

1L1  0L01 

and  with  H ^  <  D  (partial  dominance) ,  V jLl  *  W0L01  K  1  and  the  re<?resslon 

line  will  pass  above  the  origin.  If,  of  course,  H^=  0  there  is  no  reg- 

1/2 

ression.  The  mean  degree  of  dominance  is  measured  by  (H^  -  D)  .  The 
ratio  (H0  t  4H  )  provides  an  estimate  of  the  proportion  of  genes  with 

Li  1 

positive  and  negative  effects  in  the  parents.  The  proportion  of  dominant 
to  recessive  genes  in  the  parents  is  given  by  [( 4DH +F ]  ~  [(4DJj)  -F] 

and  the  number  of  groups  of  genes  controlling  the  character  and  showing 
dominance  can  be  determined  by  the  formula  [h^'/H 2]  . 

failure  of  any  one  of  the  six  postulated  assumptions 
invalidates  the  analysis  to  a  certain  extent.  The  effects  of  the  failure 
of  these  assumptions  are  discussed  by  Hayman  (1954b) .  The  methods  of 
analysis  of  complete  diallel  tables  as  developed  by  Yates  (1947)  ,  Hayman 
(1954a),  Durrant  (1965)  and  Jinks  et  at  (1972)  allow,  among  others,  for 
the  detection  and  testing  of  'reciprocal  differences'.  Significance  of 
the  c  pertaining  to  reciprocal  differences  in  Hayman 's  analysis  implies 
the  expectation  of  two  values  for  each  of  the  genetic  components  of 
variation,  D3  E^3  H9  and  F  from  the  diallel  table;  one  from  the  use  of 
column  arrays  and  the  other  from  the  use  of  row  arrays.  This  ambiguity 
may  be  removed  by  replacing  the  off-diagonal  cells  of  the  diallel  table 
by  the  common  mean  for  the  cross  and  its  reciprocal.  However,  with 
significant  C,  the  errors  of  the  parameters  will  be  inflated.  Departure 
from  independent  action  of  non-allelic  genes  may  be  checked  by  examining 
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the  W  -  V ^  values  for  homogeneity.  Heterogeneity  of  differences 

indicates  failure  of  the  assumptions  postulated.  If  this  is  the  case, 
the  inspection  of  the  V  3  graph  would  show  which  of  the  arrays  contri¬ 
bute  mostly  to  this  failure.  The  disparate  arrays  may  be  eliminated, 
leaving  a  sub-diallel  table  for  analysis  that  satisfies  the  null  hypothesis. 
The  results  of  the  analysis  would  be  valid,  of  course,  for  the  remaining 
arrays . 

Manifestations  of  1 non-allelic  interaction',  'multiple 
allelism'  and  'correlated  gene  distribution'  introduce  serious  complica¬ 
tions  into  the  diallel  analysis.  They  disturb  the  direction  and  mean 
degree  of  dominance,  inflate  the  estimated  proportion  of  dominant  to 
recessive  genes  in  the  parents  and  reduce  the  estimate  of  the  number  of 
genes  controlling  a  particular  character.  A  test  of  homogeneity  of 

variances  of  W  -  V  values  has  been  advocated  as  an  appropriate  method 
v  v 

for  their  detection. 

Application  of  diallel  cross  analysis 

The  literature  pertinent  to  diallel  cross  analysis  as  applied 
to  plant  breeding  programmes  is  fairly  impressive.  In  non-cereal  crop 
plants ,  the  technique  has  been  widely  used  in  the  study  of  various  quan¬ 
titative  characters.  Thus  this  technique  has  been  applied  to  bromegrass 
(Knowles  1950;  Greesom  and  Kalton  1956;  Neilson  and  Kalton  1959;  Dunn  and 
Wright  1970),  alfalfa  (Kehr  1961;  Theurer  and  Elling  1963a,  b;  Wilcox  and 

Wilsie  1964),  flax  (Carnahan  1947;  Durrant  and  Tyson  1964;  Murty  et  dl 

/ 

1967;  Anand  and  Murty  1968,  1969) ,  cotton  (Turner  1953;  Marani  1963; 
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White  and  Richmond  1963;  Marani  1964;  Miller  and  Marani  1963;  White 
and  Kohel  1964),  tobacco  (Jinks  1954,  1956;  Matzinger  et  al  1962;  Marani 
and  Sachs  1966;  Povilaitis  1966;  Legg  et  al  1970;  Povilaitis  1970),  straw 
berry  (Morrow  et  al  1958;  Aalders  and  Craig  1968;  Watkins  and  Spangello 
1968;  Spangello  et  al  1971)  and  hrassiea  (Johnston  1968a,  b;  Chiang  1969) 

In  cereals ,  a  considerable  number  of  studies  using  dialled 
analysis  have  been  made  with  rice  (Mohammad  and  Hanna  1965;  Athwal  and 
Singh  1966a,  b;  Wu  1968a,  b;  Cheng  and  Chang  1970),  maize  (Kinman  and 
Sprague  1945;  Sprague  and  Federer  1951;  Bauman  1959;  Matzinger  et  al 
1959;  Sprague  1964;  Troyer  and  Hallauer  1968;  Eberhart  and  Russell 
1969;  Poneilet  and  Bauman  1970)  ,  barley  (Johnson  and  Aksel  1959;  Aksel 
and  Johnson  1961;  Funis  et  al  1962;  Fasoulas  and  Allard  1962;  Aksel 
and  Johnson  1963;  Johnson  and  Aksel  1964;  Noring ton  1967,  1968;  Persson 
1969;  Yap  and  Harvey  1971;  Riggs  and  Hayter  1972,  1973)  and  sorghum 
(Chiang  and  Smith  1967a,  b;  Liang  1967;  Liang  et  al  1968). 

In  wheat,  the  first  report  on  the  use  of  diallel  analysis 

is  that  of  Whitehouse  and  co-workers  (1958) .  Of  the  five  characters 

studied  by  them  in  a  4  x  4  diallel  cross,  viz.,  single  kernel  weight, 

grains  per  spikelet,  spikelets  per  spike,  ears  per  plant  and  yield  per 

plant,  all  except  yield  per  plant  were  found  to  be  under  additive  genic 

control.  For  total  yield,  a  generalized  type  of  gene  action  was  found 

in  the  F  but  the  F  generation  exhibited  a  localized  multiplicative 
X  2 

type  of  gene  action. 

Lupton  (1961)  performed  a  diallel  analysis  of  the  yield  of 
winter  wheats.  Though  there  was  no  non-allelic  interaction  (as  revealed 
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by  Wy  graphs)  in  either  the  drilled  or  space-planted  experiments, 
the  position  of  the  parents  with  respect  to  dominance  was  significantly 
changed  in  the  two  environments.  The  highest  yielding  parent,  Capelle, 
exhibited  dominance  in  the  space— seeded  trial  and  was  reported  to  be 
the  most  recessive  in  the  drilled  trial.  This  change  in  yield  inheri¬ 
tance  was  attributed  to  environmental  differences  of  the  inter-plant 
competition  type  which  appeared  to  affect  drill  plantings  more  than 
space— seedings .  In  a  later  study  (Lupton  1965) ,  an  incomplete  diallel 
system,  where  reciprocals  were  excluded,  was  used  to  study  the  yield  of 
spring  wheat  varieties  replicated  both  in  space  and  time,  for  F^, 
and  F3  generations.  In  all  cases,  interaction  of  over-dominance  with 
site  was  highly  significant,  establishing  consistency  in  the  performance 
of  the  parents  and  their  hybrid  combinations. 

Crumpacker  and  Allard  (1962)  analysed  heading  date  in  ten 
spring  wheat  varieties  in  a  complete  diallel  test,  replicated  over 
-t-Vi rpp  years.  The  results  indicated  substantial  differences  among  the 
parents,  generally  categorized  as  highly  dominant,  moderately  dominant, 
moderately  recessive  and  highly  recessive.  The  genetic  system  governing 
the  maturation  time  of  the  parents ,  F^ 1 s  and  F  generation  hybrids 
consisted  of  a  very  few  major  genes  showing  dominance  and  was  reported 
to  be  operating  consistently  in  different  years. 

Fonseca  (1965)  studied  the  inheritance  of  yield  and 
yield— components  in  a  seven— parent  diallel  cross  of  wheat.  The  author 
reported  significant  differences  among  the  parental  lines  used.  The 
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graphical  analysis  revealed  partial  dominance  to  slight  over-dominance 
for  all  the  characters  studied.  Since  all  the  F^'s  yielded  higher 
than  either  of  their  respective  parents,  the  author  proposed  a  new- 
term,  heterobeltiosis ,  to  describe  the  better  performance  of  the  F1 
over  the  better  parent  in  the  cross. 

Bagnara  (1967)  performed  a  dialled  analysis  on  normal 
and  radiation- induced  mutant  lines  of  durum  wheat.  The  results  re¬ 
vealed  significant  differences  between  the  lines  and  the  mutants 
derived  from  them  with  regard  to  the  expression  of  the  degree  of  domi¬ 
nance.  All  the  characters  under  study  except  spikelets  per  spike  exhi¬ 
bited  partial  dominance. 

Fonseca  and  Patterson  (1968)  studied  hybrid  vigour  in  a 
seven— parent  wheat  dialled  to  determine  the  diversity  of  germ— plasms 
in  hill-planting  experiments.  The  authors  reported  significant  hetero¬ 
beltiosis  for  yield  and  kernel-weight  in  half  of  the  F  hybrids .  The 
yield  and  kernel-weight  estimates,  were  respectively  100%  and  101  to  115% 
greater  than  either  parent  in  hilled  as  against  experimental  nursery  plots. 

Walton  (1969)  studied  the  association  of  several  morphological 
characters  with  yield  in  a  seven-parent  spring  wheat  diallel.  He  reported 
that  the  distance  of  the  spike  above  the  leaf-sheath  at  maturity  and  flag- 
leaf  area  were  directly  proportional  to  yield,  and  that  yield,  flag-leaf 
area  and  spike  length  were  partially  dominant. 

Paroda  and  Joshi  (1970)  performed  a  genetic  analysis  of  a 
complete  6x6  wheat  diallel  test  for  yield  and  its  principal  components: 
1000-kernel  weight,  kernels  per  spike  and  tillers  per  plant.  Yield  and 
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1000-kernel  weight  exhibited  non-allelic  interaction  of  the  duplicate- 
gene  and  complementary-gene  type,  respectively.  For  both  characters, 
the  variances  for. additive  gene  effects  were  significant. 

Hsu  and  Walton  (1970)  studied  gene  action  for  yield  and 
its  components  (spikes  per  plant,  spikelets  per  spike,  kernels  per  spike 
and  1000-kernel  weight)  in  a  5  x  5  wheat  diallel.  For  all  the  characters 
studied,  the  genetic  variation  was  reported  to  be  due  to  additive  and 
dominance  gene  effects.  Yield  per  plant  exhibited  complete,  and  its 
components  partial ,  dominance . 

Bitzer  et  at  (1971)  reported  gene  action  and  hybrid  vigour 
in  a  six-parent  wheat  diallel.  The  results  of  two  years  of  study  revealed 
that  the  yield  of  the  F  hybrids  was  not  significantly  higher  than  that 
of  the  parental  strains.  However ,  according  to  the  graphical  analysis  of 
regression  of  W  on  V  r  plant  height,  kernel  weight  and  spikelets  per 
spike  exhibited  partial  dominance  while  yield  per  plant  showed  over- 
dominance  . 

Kaltsikes  and  Lee  (1971)  estimated  the  genetic  parameters 
for  degree  of  dominance,  ratio  of  total  number  of  dominant  to  recessive 
parental  genes  and  heritability  for  yield  and  its  components  in  a  6  x  6 
diallel  of  durum  wheat.  The  average  degree  of  dominance  ranged  from  in¬ 
complete  dominance  to  over-dominance  and  an  excess  of  dominant  over 
recessive  alleles  in  the  parents  was  found  for  all  the  characters  studied. 
Since  the  heritability  estimates  for  yield  were  as  high  as  61%,  the  authors 
suggested  a  pedigree  selection  procedure  in  breeding  for  yield  characters 


in  durum  wheat. 
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General  and  specific  combining  ability 

In  quantitative  genetics  two  types  of  combining  ability, 
viz.,'  general  combining  ability  and  specific  combining  ability  are  con¬ 
sidered.  General  combining  ability  (GCA)  refers  to  the  average  perfor¬ 
mance  of  a  parental  line  as  reflected  in  its  hybrid  combinations,  while 
specific  combining  ability  (SCA)  refers  to  the  performance  of  a  parti¬ 
cular  cross.  According  to  Sprague  and  Tatum  (1942),  GCA  is  due  to  genes 
which  are  largely  additive,  and  SCA  to  genes  showing  non- additive  effects. 
Nakamura  (1956)  considers  GCA  as  'an  index  of  the  number  of  effective 
genes'  and  SCA  as  'an  index  of  the  number  of  common  genes  and  the  inter¬ 
action  between  their  alleles*.  According  to  Fryxel  et  at  (1958),  GCA 
is  the  ability  of  a  parental  strain  to  produce  promising  or  non-promising 
genotypes  in  its  hybrids,  regardless  of  the  other  parent  involved,  while 
SCA  refers  to  this  ability  in  hybrid  combinations  with  certain  other 
parental  strains . 

In  a  detailed  examination  of  combining  ability  in  the  diallel 
cross,  by  Griffing  (1956),  eight  procedures  of  statistical  analysis  have 
been  proposed.  These  have  been  developed  for  four  different  diallel 
crossing  schemes  and  for  two  alternative  assumptions  regarding  sampling 
nature . 

Kronstad  and  Foote  (1964)  using  Griffing 's  diallel  analysis 
for  estimating  GCA  and  SCA  effects  in  ten  winter  wheat  varieties  found 
that  a  large  portion  of  the  total  genetic  variation  for  yield  and  yield 
components  was  associated  with  significant  GCA  effects .  SCA  effects 
were  significant  for  yield  per  plant  and  plant  height  but  not  for  yield 


components . 
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Fonseca  (1965)  studied  the  performance  of  hybrids  for 
yield  and  yield  components  in  a  7  x  7  dialled  cross  using  Griff ing's 
method  4  (one  set  of  F  's  is  included  in  the  diallel  table  but  the 
reciprocal  crosses  and  the  parents  are  not)  with  fixed  model.  The 
results  revealed  that  all  the  mean  squares  for  GCA  and  some  of  the 
mean  squares  for  SCA  were  significant. 

Brown  et  al  (1966)  found  that  most  of  the  variation  in 
yield  and  other  characters  among  F  wheat  hybrids  was  associated  with 
high  GCA  rather  than  with  SCA  variances. 

Singh  et  al  (1969)  in  an  analysis  of  a  7  x  7  wheat 
diallel  for  combining  ability  and  genetic  parameters  for  yield  and 
its  components ,  reported  importance  of  additive  gene  effects  for 
general  over  the  non-additive  ones  of  specific  combining  ability  for 
yield  components .  The  variances  for  GCA  and  SCA  in  the  case  of  yield 
were  of  the  same  order  of  magnitude,  implying  additive  as  well  as 
non-additive  effects. 

Bhatt  (1971)  reported  combining  ability  estimates  for 
earliness,  plant  height  and  four  yield  components  in  a  5  x  5  wheat 
diallel.  The  analysis  of  GCA  indicated  that  the  larger  portion  of 
the  genetic  variation,  for  six  out  of  seven  characters  considered, 
was  associated  with  additive  gene  effects.  The  estimates  of  SCA's 
were  highly  significant  but  lower  than  GCA's  for  five  characters. 

Bitzer  et  al  (1971)  performed  a  combining  ability  analysis 
in  a  6  x  6  diallel  and  found  that  GCA  mean  squares  were  significant  for 
earliness,  plant  height  and  kernels  per  spike  whereas  SCA  mean  squares 
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were  not.  The  average  yield  of  the  F  's  was  28.1%  higher  than  that  of 
the  highest  yielding  parent. 

Paroda  and  Joshi  (1970a)  compared  the  combining  ability 
variances  of  F  and  F„  generations  for  yield  and  other  characters 

_L  ^ 

in  a  6  x  6  wheat  diallel.  The  GCA  effects  were  high  in  the  F  's  and 

F  's  but  SCA  effects  were  high  only  in  F  's.  Similar  results  were  also 
2  1 

reported  by  Niehaus  and  Pickett  (1966)  in  a  sorghum  diallel. 

In  some  of  the  papers  it  has  been  reported  that  the  parents 
with  high  GCA  values  do  not  necessarily  produce  hybrids  with  high  SCA 
values  (Larson,  1941  in  tomatoes;  Crumpacker  and  Urquhart,  1962  in  wheat; 
Walker  1963,  Chang  1967,  Soomro  1967,  Baluch  and  Soomro  1969  and 
Soomro  and  Baluch  1969  in  cotton) .  It  follows,  therefore,  that  tne 
general  combining  ability  should  not  be  taken  as  a  criterion  for  pre¬ 
dicting  high  specific  combining  ability. 

Genotype-environment  interaction 

Finlay  and  Wilkinson's  (1963)  regression  analysis  technique 
permitted  for  the  first  time  a  satisfactory  assessment  of  the  performance 
stability  of  a  strain  or  cultivar  over  the  range  of  environments  in  which 
it  is  grown.  According  to  these  authors,  a  regression  of  varietal— mean- 
yield  on  location-mean-yield  with  a  regression  coefficient  of  less  than 
unity  indicates  that  the  variety  has  an  above-average  stability  in  its 
response  to  environmental  influences.  Regression  coefficients  equal  to 
and  greater  than  unity  indicate  average  and  less— than— average  stability 
respectively.  Eberhart  and  Russell  (1966)  interpreted  stability  in  a 
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different  manner,  stating  that  the  Finlay-Wilkinson  model  implies 
that  a  stable  variety  is  one  which  performs  relatively  well  in  a  poor 
environment  and  relatively  poor  in  a  favourable  one.  They  proposed 
that  the  criteria  for  stability  should  be  a  regression  coefficient 
of  unity  and  minimum  deviation  from  the  unit  slope.  According  to  them 
a  variety  with  high  mean  yield  and  fulfilling  these  two  criteria  would 
perform  well  in  all  the  environments. 

Another  method  of  genotype-environment  interaction  ana¬ 
lysis,  in  terms  of  biometrical  genetics,  has  been  developed  by  Bucio 
Alanis  (1966)  and  applied  to  data  for  two  inbred  lines  of  N'tcot'iana 
rust'Loa  grown  over  a  period  of  sixteen  years  at  two  locations.  The 
analysis  has  shown  that  the  effects  of  the  genotype-environment  inter¬ 
action  are  linearly  related  to  a  particular  environmental  effect  of 
the  genotype.  The  model,  which  is  essentially  an  extension  of  Mather's 
model  (Mather,  1949) ,  was  later  extended  by  Bucio  Alanis  (1966a)  to 
apply  to  F  's  with  identical  and  consistent  results  for  this  generation 
also. 

For  the  analysis  of  genotype-environment  interaction  by 
means  of  the  diallel  cross,  three  papers  have  appeared,  one  theoretical 
(Perkins,  1970)  and  two  experimental  (Allard,  1956;  Crumpacker  and  Allard, 
1962)  and  are  concerned  with  assessing  the  stability  of  genetic  components 
of  variation  under  different  environments. 

Crumpacker  and  Allard  (1962)  studied  genotype-environment 
interaction  for  heading  date  in  a  10  x  10  wheat  diallel  over  three  years. 
The  analysis  of  variance  of  heading  time  for  parental  genotypes  indicated 
different  additive  and/or  epistatic  effects  in  different  years.  Because 


. 
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of  the  homozygosity  of  the  parents,  the  epistatic  effects  attributable 
to  parents  were  defined  by  the  authors  as  the  result  of  interaction  bet¬ 
ween  homozygous  loci,  that  is,  additive  x  additive  type  of  interaction. 
Stability  of  average ' degree  of  dominance  was  tested  by  the  variance 
ratio  for  the  dominance  x  year  interaction.  This  was  highly  significant 
and  showed  that  the  mean  degree  of  dominance  for  heading  date  varied 
from  partial  to  complete  dominance  in  consecutive  years. 

Porceddu  (1968)  in  a  yield  test  of  three  wheat  varieties 
over  twenty  consecutive  years  at  one  location  showed  significant  dif¬ 
ferences  between  varieties  in  different  years .  The  results  established 
that  the  performance  of  an  individual  genotype  is  a  linear  function  of 
the  environment,  and  that  the  major  portion  of  the  genotype-environment 
interaction  could  be  accounted  for  by  deviations  from  the  linear  response 
as  estimated  by  the  regression  analysis. 

Baker  (1969) ,  analysing  the  yield  of  six  wheat  varieties 
grown  at  nine  locations  over  five  years ,  subdivided  the  Siam  of  squares 
for  genotype— environment  interaction  into  genotype  x  place,  genotype  x 
year  and  genotype  x  place  x  year  interactions  for  each  variety .  Except 
for  genotype  x  year,  all  interactions  were  highly  significant,  leading 
to  the  conclusion  that  the  stability  of  performance  of  a  particular 
cultivar  over  a  range  of  environments  is  inversely  proportional  to  the 
sum  of  squares  for  genotype— environment  interaction  for  that  particular 
variety. 

Kaltsikes  and  Larter  (1970)  analysed  genotype-environment 
interaction  for  height,  maturity  and  yield  in  durum  wheat.  Five  varieties 
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grown  over  four  to  five  years  at  five  loctions,  differed  with  different 
environments  in  all  the  characters  studied.  In  their  analysis,  the  major 
portion  of  the  genotype-environment  interaction  effects  was  reported  to 
be  linearly  correlated  with  the  environment. 

A  considerable  amount  of  work  has  been  reported  on  genotype- 
environment  interaction  analysis  with  respect  to  a  variety  of  quantita¬ 
tive  characters  in  different  crops  (Allard  1961,  Parson  and  Allard  1960, 
Allard  and  Workman  1963,  in  lima-beans;  Eagles  1967 ,  Knight  1965,  1970 
and  Breese  1969,  in  grasses;  Westerman  1970,  1971a,  b,  in  Arabidopsis ; 

Hill  and  Perkins  1969,  Perkins  and  Jinks  1970,  1971a,  b,  in  tobacco; 
Kaltsikes  1970,  in  winter  rye;  Liang  and  Walter  1966,  in  sorghum  and 
Qualset  1968,  and  Paroda  and  Hayes  1957,  in  barley).  In  each  of  these 
papers,  the  behaviour  of  a  particular  genotype  when  grown  in  a  parti¬ 
cular  environment,  and  when  grown  with  other  genotypes  over  a  wide  range 
of  environments,  is  studied  using  linear  regression  analysis  to  measure 
the  environmental  effect.  The  implication  of  these  studies  is  that  the 
linear  regressions  of  individual  genotypic  values  on  the  mean  values  of 
all  genotypes  for  each  of  the  environments  provide  measures  of  the  res¬ 
ponse  that  are  useful  in  predicting  the  relative  performance  of  the 
genotype  in  question  over  the  range  of  environmental  conditions.  The 
conclusion  of  these  reports  focuses  on  one  point:  that  the  performance 
of  an  individual  genotype  in  a  particular  environment  is  a  linear  function 
of  the  over-all  environmental  mean  in  regression  analysis,  where  the 
slope  of  regression  measures  the  sensitivity  of  the  genotype  to  the 
totality  of  the  environmental  factors. 
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MATERIAL  AND  METHODS 


Five  cultivars  of  common  wheat  (Tr'iti-outn  aesti-vum  L.) 
described  in  Appedix'I,  were  used  in  the  diallel  study.  These  vari¬ 
eties  were  selected  on  the  basis  of  their  diversity  of  origin,  different 
spike  and  seed  characteristics  and  their  yield  performances.  The  parental 
material  was  sown  in  September  1969  in  the  green-house  to  check  its 
trueness  to  type.  Fifteen  to  twenty  phenotypically  identical  healthy 
heads  were  selected  from  each  variety  and  their  seed  formed  the  basis 
of  the  present  investigations.  The  parent  lines  were  sown  in  the  green 
house  in  January  1970.  Crosses  were  made  in  all  possible  combinations, 
including  reciprocals.  During  summer  1970,  the  parent  material  was  again 
seeded  at  Parkland  farm  to  obtain  more  F^  seed.  Following  the  winter, 
some  of  the  F  seeds  together  with  their  parents  were  sown  in  growth 
chambers  to  make  backcrosses,  reciprocal  backcrosses,  further  F^  combina¬ 
tions  and  to  provide  F^  seed.  During  1971' s  spring  the  same  procedure 
was  repeated  to  have  sufficient  number  of  seeds  for  every  combination. 

In  the  fall  of  1971,  the  backcrosses  and  their  reciprocals  were  seeded 
in  the  growth  chambers  to  obtain  seed  for  their  first  selfed  generation. 

By  spring  1972,  the  experimental  material  consisted  of  five 

parents,  20  F  '  s,  20  F  's,  80  backcrosses  and  the  selfed  generation  of 
1  2 

these  backcrosses,  amounting  to  205  different  entries.  A  15  x  15 
partially  balanced  lattice  design  was  chosen  for  seeding  the  material 
in  a  replicated  trial.  To  meet  the  requirements  of  the  design,  20  more 
entries  were  needed  and  since  the  F^  is  the  maximum  segregation  generation, 
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each  combination  was  represented  twice  in  each  replication  to 
complete  the  required  225  entries.  The  names  and  numerical  designations 
of  the  entries  are  given  in  Appendix  II..  On  9th  and  11th  May,  1972, 
the  whole  of  the  experimental  material  was  space-seeded  in  three  repli¬ 
cations  at  two  locations,  viz.,  Department  of  Genetics  Ellerslie  Field 
Lab.  and  Department  of  Plant  Science  Parkland  Farm,  respectively.  Each 
of  the  fifteen  (15'  x  15’)  blocks  in  a  replication  consisted  of  15  rows 
of  30  seeds  each,  with  a  spacing  of  30.48  cm  between  rows  and  15.24  cm 
between  seeds  within  a  row.  The  following  observations  were  recorded 
at  each  of  the  locations: 

(1)  Onset-of-headirig :  expressed  as  the  number  of  days  between  seeding 

date  and  the  date  of  appearance  of  the  first  head 
in  the  row  (entry) . 

(2)  Final  heading:  recorded  in  number  of  days  from  the  date  of 

seeding  to  the  day  when  75%  of  the  plants  in  a 


(3)  Heading- span: 


(4)  Plant  height: 


row  have  headed. 

measured  by  the  difference  between  (1)  and  (2) . 
measured  in  centimeters  from  the  surface  of  the 
soil  to  the  tip  of  the  spike  on  the  highest  tiller 
(excluding  awns) .  Ten  consecutive  plants  per  row 
were  recorded  for  height  irrespective  of  their 
growth  performance,  leaving  the  first  plant  because 
of  susceptibility  to  border  effects,  except  in 
those  rows  where  the  number  of  surviving  plants 
was  reduced  to  ten  or  less .  At  maturity  only  those 


' 
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plants  that  had  been  recorded  for  height  were 
harvested.  The  following  observations  for 
yield  and  yield  components  were  recorded  on 
the  harvested  material. 

(5)  Number  of  productive  tillers  per  plant. 

(6)  Number  of  spikelets  per  spike:  Three  spikes  were  taken  at  random 

from  each  plant  and  their  spikelets  counted. 

(7)  Number  of  seeds  per  spike. 

(8)  Weight  of  seeds  per  spike  (in  grams) :  spikes  randomly  sampled  for 

spikelet-counts  were  threshed  separately  and 
their  seeds  counted  and  weighed. 

(9)  1000-kernel  weight  (in  grams) :  computed  from  observations  (7)  and  (8)  . 

(10)  Yield  per  plant  (in  grams) :  expressed  as  total  seed  weight  of  all  the 

spikes  including  those  used  for  (6) ,  (7) ,  and  (8) . 


Statistical  analysis 

The  means  were  calculated  for  all  the  characters  except 
onset-of -heading,  final  heading  and  heading-span.  For  observations  (6) , 

(7)  and  (8)  means  of  three  readings  were  calculated  first  and  treated 
as  individual  variables  for  the  calculation  of  entry  means.  Missing 
entries  were  calculated  according  to  Cochran  and  Cox's  (1957)  formula 
for  the  randomized  block  design,  except  for  (1)  to  (4)  at  Parkland. 

Here,  since  the  number  of  missing  entries  was  less  than  three,  the  pro¬ 
cedure  for  the  partially  balanced  lattice  design  was  used.  The  complete 
set  of  data  was  subjected  to  analysis  of  variance  for  a  partially  balanced 
lattice  design.  This  provided  a  single  set  of  adjusted  treatment  means 
at  each  location.  However,  unadjusted  treatment  means  (original  entry 
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means  as  treated  in  randomized  block  design)  were  used  for  most 

of  the  analyses..  These  were  categorized  into  four  dialled  sets,  viz., 

F  '  s,  F  's,  backcrosses  and  selfed  backcrosses.  The  following  analyses 
1  2 

were  performed  on  each  of  the  sets  for  all  the  characters  under  study. 


1.  Correlation  and  factor  analyses.  Simple  correlation  coefficients 
were  computed  for  each  of  the  characters  and  arranged  in  the  form  of  a 
matrix  to  permit  the  simultaneous  comparison  of  one  character  with  the 
other.  Factor  analysis  was  performed  according  to  Hotelling's  (1933) 
principal  factor  method  as  explained  by  Harman  (1960)  and  Lawley  and 
Maxwell  (1963) .  The  factor  analysis  approach  aims  at  resolving  the 


covariation  into  simpler  relations  in  the  form  of  a  few  factors  which 


explain  the  larger  portion  of  the  variation  in  the  original  data. 
Statistically  speaking,  it  reduces  a  large  number  of  correlated  variables 
to  a  small  number  of  uncorrelated  variables  called  factor's,  each  of  which 


proportionally  accounts  for  the  variability  in  the  original  observations 
The  procedure  for  the  principal  factor  method  used  in  the 
present  study  was  based  on  the  following  linear  model  (Harman,  1960) : 


z.  =  a .  ..F  +  a .  F  + 

3  ]1  1  l2  2 


+  a  .  F  +  d  .u  .  . 
3m  m  3  3 


(j  —  1,  2,  n) 


where  z .  represents  a  character  variable  in  terms  of  several  underlying 
factors  and  each  of  the  ’n1  observed  variables  is  described  linearly 
in  terms  of  'm'  common  factors  and  the  residual  error  (d_.u_.).  The 
coefficients  of  these  factors  are  referred  to  as  factor  loadings.  A 
symmetrical  correlation  matrix  produced  from  all  possible  [l/2n(n  -  1) ] 
combinations  is  resolved  into  an  'nk'  factor  matrix,  where  the  number 
of  factors  'k'  is  usually  smaller  than  'n',  the  number  of  variables. 
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In  the  correlation  matrix,  the  leading  diagonal  elements  have  values 
of  unity  and  since  they  are  meaningless  (the  correlation  of  each 
variable  with  itself  means  nothing)  they  are  replaced  by  ' communalities * 
(the  approximate  values  in  terms  of  amount  of  variance  accounted  for 
by  the  common  factors J,  .  In  the  present  case  the  highest  correlation 
value  in  each  column  of  the  correlation  matrix  was  substituted  for  unity 
in  the  diagonal  cells  because  the  variance-covariance  ratio  of  the 
column  for  that  character  is  expected  to  be  nearer  to  unity.  With 
these  communalities  as  the  approximate  values,,  the  correlation  matrix 
was  factored  by  iteration  to  give  a  new  resultant  set  of  approximations 
to  communalities  that  are  more  convergent.  The  factor  matrix  was  then 
rotated  (in  this  case  by  the  varimax  method)  with  every  new  set  of 
communalities  produced,  till  of f— the— diagonal  elements  of  the  residual 
matrix  were  not  significantly  different  from  zero. 

2.  Combining  ability  analysis.  General  and  specific  combining  ability 
analyses  were  performed  following  Griffing's  (1956)  method  1  (where  all 
the  n  entries  of  the  diallel  table  are  included) ,  model  1  (where  tne 
experimental  material  is  not  regarded  as  a  random  sample  from  the  popu¬ 
lation)  .  Model  1  was  chosen  against  model  2  (where  the  experimental 
material  is  regarded  as  a  random  sample  from  the  population)  because 
the  parental  lines,  producing  all  the  entries  in  the  form  of  various 
combinations,  were  deliberately  chosen  on  the  basis  of  their  diversity 
of  origin  and  yielding  capacities. 


3.  Diallel  cross  analysis. 


Diallel  analysis  was  performed  in  two  steps. 


Vi 
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viz.,  diallel . analysis  for  genetic  components  of  variation  anci 
graphical  analysis  of  regression  of  W  (parent-offspring  covariance 
of  the  rth.  array)  on  V  (variance  of  the  rth..  array)  to  complement 
the  former  via  graphical  representation.  In  the  diallel  analysis  for 
genetic  components  of  variation,  each  diallel  table  was  subjected  to 
tests  of  validity  of  the  following  assumptions  (Hayman,  1954b) r 

(1)  Homozygous  parents 

(2)  Normal  diploid  segregation 

(3)  No  differences  between  the  reciprocal  crosses 

(4)  No  multiple  allelism 

(5)  Independent  action  of  non-allelic  genes 

(6)  Uncorrelated  gene  distribution. 

t 

The  condition  of  'homozygous  parents'  in  the  present  studies  could  be 
satisfied,  as  the  parent  material  was  sown  preceding  crossing  and  found 
to  be  true  to  type.  'Normal  diploid  segregation'  may  be  assured  from 
the  pedigree-recard  of  the  organism  used  as  experimental  material. 

Wheat,  though  an  amphi -diploid  derivative  of  T^ttleum  monocoecum  far 
the  'A'  genome  (Melburne  and  Thompson,  1927;  Zohary  and  Feldman,  1962)  ,, 
Aegilogs  sveltoldes  for  the  'B'  genome  (Sarkar  and  Stebbins,  1956; 

Riley  et  al ,  1958;  Sears  and  Okamoto,  1958)  and  Aegilops  squarrosa  for 
the  rD*  genome  (Kihara,  1944;  McFadden  and  Sears,  1944,  1946;  Kihara 
and  Lilienfeld,  1949)  behaves  cytogenetically  as  a  normal  diploid 
(Sears,  1948;  Riley  et  al ,  1961).  It  follows  therefore,  that,  the 
assumption  of  normal  diploid  segregation  could  be  considered  valid. 

'No  reciprocal  differences'  were  checked  after  Hayman' s  (1954a)  procedure 


1 


25 


of  analysis  of  variance  for  diallel  tables,  where  significance  of  the 
'c'  component  indicates  failure  of  this  hypothesis.  The  remaining 
three  conditions,  'no  multiple  allelism' ,  'independent  action  of  non¬ 
allelic  genes'  and  'uncorrelated  gene  distribution'  were  checked  through 
the  analysis  of  variance  of  W  -  V  values  for  the  arrays  of  each  diallel 
table.  Heterogeneity  of  W  -  V  variances  will  reveal  non-validity  of 
these  assumptions. 

After  the  validity  checks  for  the  above-mentioned  conditions, 
the  diallel  analysis  for  genetic  components  of  variation  (Hayman  1954b, 

1958  and  Jinks  1954,  1956)  was  performed,  on  each  of  the  diallel  tables 
for  all  the  characters  under  study,  by  replacing  the  off-diagonal  cells 
of  the  diallel  table  with  the  common  mean  of  the  relevant  cross  and  its 
reciprocal  irrespective  of  the  significance  or  Hayman' s  (1954a)  c  com¬ 
ponent.  In  the  F^generation  diallel,  the  estimates  of  genetic  components 
of  variation  from  the  second  degree  statistics  were  computed  after  Johnson 
and  Aksel's  (1959)  notation  describing  the  average  effect  of  Aa  in  dif¬ 
ferent  filial  generations.  According  to  their  formula: 

effect  of  Aa  =  [ (1/2)  h] 

where  fn  =  nth  filial  generation 

2-1 

thus  in  F  ,  effect  of  Aa  —  [(1/2)  h] 

3-1 

and  in  F  ,  the  effect  of  Aa  =  [(1/2)  h]  and  so  on. 

From  the  genetic  components  of  variation,  various  parameters  such  as  the  mean 
degree  of  dominance,  the  proportion  of  positive  to  negative  alleles  at  lo^i 

j 

exhibiting  dominance,  the  ratio  of  dominant  to  recessive  genes  in  the  parents 


* 
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and  the  number  of  groups  of  genes  controlling  the  particular  character 

were  estimated.  The  heritability  estimates  were  calculated  after 

Crumpacker  and  Allard  (1962)  using  the  formula  [D  1  (D  +  -  F  +  4E )] . 

The  graphical  analysis  of  regression  of  W  on  V ^  was 

performed  after  Hayman  (1954b)  by  plotting  the  regression  line  and  the 

limiting  parabola  constructed  by  calculating  its  points  (Wp2  =  x  V  qLq) 

1/2 

and  plotting  the  V  ,  (W^  x  V points.  The  j  V ^  graphs  were  sup¬ 
plemented  with  Johnson  and  Aksel's  (1959)  standardized  deviation  graphs 
of  parental  measurements  (Y  )  and  parental  order  of  dominance  (W^  +  V J 
where  the  deviations  of  the  I  • s  and  +  V^'s  from  their  respective 
means  were  standardized  by  dividing  them  by  their  respective  standard 

t 

deviations.  An  abscissa  (Y  )  and  an  ordinate  (W^  +  V^J  intersecting 
each  other  produce  four  quadrants  of  the  graph,  classified  as  (+,+), 
(-,+),  (-,-)  and  (+,-).  The  plus  and  minus  signs  for  (W  +  V^)  denote 

'recessive'  and  'dominant'  and  for  Y  ,  they  refer  to  'high'  and  'low' 
performances  respectively. 

4.  Analysis  of  genotype-environment  interaction.  The  constancy 
of  principal  factors  with  respect  to  loadings  in  four  generations  of 
diallel  cross  was  studied  by  means  of  factorial  ANOVA  where  locations, 
principal  factors  and  generations  were  treated  as  main  source  of  varia¬ 
tion.  The  ANOVA  was  based  on  fixed-effect-model  as  described  by 
Scheffe  (1959)  because  the  set  of  parents  in  all  the  diallel  tables 
could  not  be  regarded  as  random  sample  and  the  two  locations  at  which 
the  materials  were  grown  could  not  be  considered  as  representing 


. 
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random  sample  of  the  environments.  Their  choice  was  dictated  by  the 
limitations  imposed  both  by  time  and  facilities  available. 

The  differences  between  the  two  locations  with  respect 
to  general  combining  ability  were  also  studied  by  fdotovial  ANOVA. 
Stability  of  each  cultivar  was  determined  by  regressing  its  GCA  at 
Parkland  upon  that  at  Ellerslie.  The  regression  analysis  used  was 
as  given  by  Mather  (1951) . 

The  genotype- environment  interaction  with  respect  to  Dy 
E i  and  F  considered  as  variables  was  investigated  by  using'  factorial 
analysis  of  variance.  The  concordance  of  the  components  in  the  two 
locations  was  studied  by  regressing  the  values  of  D E ^  and  F  esti¬ 
mated  from  Parkland  data  upon  those  of  Ellerslie  and  partitioning 
the  total  sum  of  squares  into  sum  of  squares  due  to  regression  and 
due  to  deviation  from  regression  (error) .  Dialled  analysis  for  genetic 
components  of  variation  from  adjusted  treatment  means  (balanced  lattice 
design)  was  compared  with  that  of  unadjusted  treatment  means  (experi¬ 
ment  treated  as  a  randomized  block  design) .  The  differences  between 
the  parameter  estimates  would  reflect  the  effect  of  the  adjustment 
factor  characteristic  of  partially  balanced  lattice  design.  The  reg¬ 
ression  analysis  (Mather,  1951)  applied  to  Dy  E ^  and  F  obtained  from 
both  the  adjusted  and  unadjusted  treatment  means,  will  reveal  the 
degree  of  concordance  between  the  parameters  characteristic  of  each 


treatment . 


» 
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EXPERIMENTAL  RESULTS 


The  experimental  data  for  the  two  locations;  (1)  Ellerslie 
and  (2)  Parkland,  are  given  in  Appendices  III  to  XXII  inclusive-  Table  1 
shows  the  results  of  the  analysis  of  variance  of  the  partially  balanced 
lattice  design  and  its  efficiency  as  compared  to  the  analysis  as  a 
randomized  block.  The  mean  squares  of  the  adjusted  treatments  except 
for  number  of  tillers  per  plant  and  yield  per  plant,  both  at  Parkland, 
all  showed  significant  differences  among  the  entries.  The  relative 
efficiency  of  the  balanced  lattice  design  at  Parkland  over  the  randomized 
block  design  was  greater  than  that  at  Ellerslie. 

ANALYSIS  OF  F1  DATA 

Simple  correlations  were  computed  for  all  the  characters 
under  study  and  are  given  in  Table  2.  As  shown  in  the  table: 

Onset-of -heading  was  positively  correlated  with  plant  height 
and  number  of  spikelets  per  spike  and  negatively  correlated  with  weight  of 
seeds  per  spike  and  1000-kernel  weight  at  both  locations.  At  Ellerslie, 
it  was  positively  correlated  with  final  heading  and  negatively  with 
yield  per  plant,  while  at  Parkland,  it  showed  positive  correlation  with 
number  of  tillers  per  plant  and  number  of  seeds  per  spike.  The  negative 
correlation  of  onset-of -heading  with  yield,  weight  of  seeds  per  spike 
and  1000-kernel  weight  indicates  that  the  longer  the  period  between  seeding 
and  the  appearance  of  the  first  head  for  a  particular  entry,  the  lower 
will  be  its  yield  and  1000-kernel  weight.  Correlations  of  final  heading 
and  heading-span  with  other  characters  may  be  interpreted  in  the  same  fashion. 
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Moan-square  values  from  the  analysis  of  variance 
of  partially  balanced  triple  lattice  design  with  respect  to 
ten  characters  at  two  locations 
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Significant  at  5%  level 
Significant  at  1%  level 

Corresponding  to  the  missing  values  in  the  different  characters,  the  numb 
of  degrees  of  freedom  have  been  subtracted  from  error  D.F.  in  calculating 
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Plant  height  was  positively  correlated  with  number  of 
spikelets  per  spike  and  negatively  correlated  with  weight  of  seeds  per 
spike  and  1000-kernel  weight  at  both  locations.  It  was  positively 
correlated  with  number  of  tillers  per  plant  at  Ellerslie  while  at  Parkland 
the  correlation  coefficient  was  not  significant. 

Number  of  tillers  per  plant  was  positively  correlated  with 
yield  per  plant  at  both  locations  and  with  number  of  spikelets  per  spike 
at  Ellerslie.  Correlation  of  number  of  tillers  per  plant  with  number 
of  seeds  per  spike,  weight  of  seeds  per  spike  and  1000-kernel  weight  was 
not  significant  at  either  location.  The  correlation  coefficients  of 
other  components  of  yield,  viz.,  number  of  spikelets  per  spike,  number 
of  seeds  per  spike,  weight  of  seeds  per  spike  and  1000-kernel  weight 
could  be  explained  in  the  same  manner. 

As  far  as  yield  is  concerned,  it  was  highly  and  positively  • 
correlated  with  1000-kernel  weight,  weight  of  seeds  per  spike  and  number 
of  tillers  per  plant  at  both  locations,  but  negatively  correlated  with 
onset-of-heading  and  final  heading  at  Ellerslie. 

Factor  analysis 

In  the  factor  analysis ,  the  symmetrical  correlation  matrix 
produced  for  all  the  characters  under  study  was  resolved  into  a  varimax- 
rotated  factor  matrix.  As  suggested  by  Cattel  (1965)  ,  if  the  number  of 
factors  is  kept  equal  to  that  of  the  variables,  100%  of  the  covariation 
in  the  data  could  be  accounted  for  by  these  factors.  In  the  present  case 
the  data  was  computerized  for  five  factors  which  explained  92%  of  the 


. 


Simple  correlation  coefficients  between  ten  characters 
from  F,  diallel  set  at  two  locations. 
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First  reading  under  each  column  refers  to  Ellerslie  and  the  second  to  Parkland. 

*  Significant  at  5%  level 
**Significant  at  1%  level 
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total  variability  with  respect  to  all  the  characters  at  respective 
locations.  The  values  of  the  rotated  factor  matrix  in  terms  of  the 
factor  loadings  together  with  the  communalities  for  ten  characters  are 
given  in  Table  3. 

The  first  factor  was  termed  lateness  because  it  carried  the 
highest  loadings  for  onset-of-heading  and  final  heading  at  both  locations 
and  explained  28%  and  32%  of  the  variation  in  the  data  at  Ellers lie  and 
Parkland.  Yield  per  plant  was  negatively  affected  by  this  factor 
showing  thus  that  higher  the  number  of  days  taken  by  a  particular 
entry  to  head  the  larger  will  be  its  contribution  to  lateness  and  lower 
will  be  its  yield  and  1000-kernel  weight.  Plant  height  was  one  of  the 
major  contributors  to  lateness  as  it  carried  high  loadings  at  both 
locations.  This  corresponds  proportionally  to  the  positive  association 
between  days  to  head  and  height  of  the  plant.  Number  of  tillers  per  plant, 
number  of  spikelets  per  spike  and  number  of  seeds  per  spike  contributed 
very  little  to  this  factor. 

The  second  principal  factor  was  termed  yielding  ability 
as  it  carried  generally  higher  loadings  for  yield  and  yield  components : 
spikelets  per  spike,  number  of  seeds  per  spike  and,  (except  at  Ellerslie) 
1000-kernel  weight  at  both  locations .  This  factor  accounted  for  about 
19%  of  the  variation.  The  loadings  on  yield  and  its  components  for  this 
factor,  as  against  those  of  the  first  factor  ( lateness ) ,  support  a  negative 
relationship  between  lateness  and  yielding  ability.  There  is  very  little 
contribution  of  plant  height  and  number  of  tillers  per  plant  for  this 


factor  at  either  location. 


a 
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Varimax  rotated  factor  matrix  for  ten  characters 
from  F,  diallel  set  at  two  locations 
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The  term  tillering -capacity  was  chosen  for  the  third 
principal  factor,  as  the  number  of  tillers  per  plant  contributed  highest 
at  both  locations.  The  factor  explains  approximately  17%  of  the  total 
variation  and  is  supported  by  number  of  spikelets  per  spike ,  number  of 
seeds  per  spike  (at  Parkland),  weight  of  seeds  per  spike,  1000-kernel 
weight  and  yield  per  plant.  Since  this  component  is  closely  associated 
with  the  yielding- ability ,  the  lateness  factor  shows  negative  effects  for 
onset-of-heading  and  final  heading.  This  kind  of  response  seems  to  be 
logical  since  high  tillering  capacity  results  in  higher  yield  per  plant 
and  is  associated  with  earliness. 

The  fourth  principal  component ,  named  heading -period  at 
Parkland  and  seed  Weight  at  Ellerslie,  accounted  for  13%  and  16%  of 
the  variation  respectively.  Different  names  were  chosen  for  different 
locations  because  of  the  inconsistency  between  locations  of  factor 
loadings  on  various  characters.  At  Ellerslie,  the  seed-weight  component 
was  affected  by  number  of  seeds  per  spike,  1000-kernel  weight  and  yield 
per  plant.  The  contribution  of  onset-of-heading,  final  heading,  heading- 
span,  plant  height  and  number  of  tillers  per  plant  towards  this  component 
was  negative.  At  Parkland,  heading -period  was  positively  affected  by 
final  heading,  plant  height,  number  of  tillers  per  plant  and  number  of 
spikelets  per  spike. 

The  terms  heading -period  and  tillering -capacity  were  also 
used  for  fifth  principal  component  at  Ellerslie  and  Parkland,  respectively, 
because  of  their  high  contribution  towards  the  loadings  of  this  factor. 

Only  11%  of  the  total  variability  was  accounted  for  by  this  factor  at  both 


■ 


Estimates  of  general  combining  ability 
of  five  parental  lines  used  in  F]_  diallel  set 
f nr  tpn  characters  at  two  locations 
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locations.  The  factor  was  negatively  affected  by  number  of  spikelets 
per  spike,  weight  of  seeds  per  spike  and  1000-kernel  weight. 

Combining  ability  analysis 

Estimates  of  general  and  specific  combining  ability  for 
the  F  diallel  were  obtained  by  Griffing's  (1956)  procedure  following 
method  1,  model  1.  General  combining  ability  (GCA)  values  for  all  the 
characters  at  both  locations  are  given  in  Table  4.  Marquis  appeared 
to  be  the  best  combiner  for  onset— of-heading ,  final  heading,  plant  height, 
number  of  spikelets  per  spike  and  number  of  seeds  per  spike  at  both  loca¬ 
tions.  For  tillering  capacity  Chinook  exhibited  the  highest  combining 
ability  at  Ellerslie  while  Khush-hal  excelled  Chinook  at  Parkland.  Inia 
showed  the  highest  general  combining  ability  for  yield  per  plant,  1000- 
kernel  weight  and  weight  of  seeds  per  spike  at  both  locations .  It  is 
interesting  to  note  that  Inia  excelled  Marquis  and  Chinook  (both  Canadian 
standard  varieties)  in  general  combining  ability  for  yield  in  a  foreign 
environment.  This  might  be  attributed  to  a  better  adaptability  of  Inia 
as  compared  to  the  other  two  introductions,  viz.,  Khush-hal  and  Ciano, 
of  Pakistan  and  Mexican  origin.  Generally  it  could  be  said  that 
Canadian  environments  are  less  suitable  for  introductions  like  Khush-hal 
and  Ciano  as  far  as  yield  per  plant  is  concerned. 

The  values  of  specific  combining  ability  (SCA) ,  reciprocal 
effects  and  variances  for  general  and  specific  combining  abilities  for 

hybrids  are  given  in  Tables  5  to  15. 

(Cxi)  had  the  highest  SCA  for  onset-of-heading  (Table  5) , 
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at  both  locations  followed  by  hybrid  (MxCH) .  This  shows  that  hybrid 
(Cxi)  was  latest  in  heading  and  implicitly  in  maturity.  Cross  (Mxl) 
exhibited  lowest  SCA  and  hence  could  be  regarded  as  the  earliest  of 
all  the  F^'s.  It  is  interesting  to  note  that  for  both  locations,  the 
best  hybrid,  with  the  highest  SCA,  had  parents  showing  the  lowest  GCA's, 
while  the  poorest  hybrid,  with  the  lowest  SCA,  had  the  female  parent  with 
the  highest  GCA  and  the  male  parent  with  the  lowest  GCA.  Thus  it  appears 
unlikely  that  the  best  performing  parents  (those  with  high  GCA's)  neces¬ 
sarily  produce  hybrids  showing  high  SCA's.  None  of  the  hybrids  showed 
significant  reciprocal  effects  except  (IxK)  at  Ellerslis  and  (CxM) 
at  Parkland,  and  the  parental  variances  for  GCA  were  in  general  higher 
than  for  SCA. 

With  respect  to  final  heading  (Table  6)  and  heading-span 
(Table  7),  although  there  are  some  differences  in  relative  positions 
of  the  parents  and  hybrids  concerned,  the  general  conclusions  are  the 

same  as  for  onset-of-heading . 

With  respect  to  highest  SCA  for  plant  height  (Table  8) 

at  both  locations,  the  best  hybrid  was  (MxCH)  and  the  poorest  (Mxl). 

The  parents  of  cross  (MxCH)  had  the  highest  GCA  at  both  locations  while 
the  poorest  hybrid  had  Marquis  as  one  parent,  with  the  highest  GCA  and 
Inia  as  the  other,  with  the  lowest  GCA.  The  parental  GCA-variances  were 
larger  than  their  SCA-variances  at  both  locations,  suggesting  a  greater  im¬ 
portance  of  additive  gene  effects  for  the  parental  lines  than  of  non- additive 
ones  for  the  hybrids,  with  respect  to  plant  height.  The  reciprocal  effects 
were  significant  for  (CxM)  at  both  locations  and  for  (IxM)  and  (IxCH)  at 
Ellers lie.  In  the  case  of  (IxM),  the  reciprocal  effects  could  be  attributed 
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to  the  female  parent  (Inia)  while  for  (CxM)  and  (IxCH) ,  the  male 
parents  Marquis  and  Chinook  are  responsible,  because  of  the  negative 

sign  associated  with  the  effects. 

For  number  of  tillers  per  plant  (Table  9) ,  the  hybrids 
(CHxK)  and  (Cxi)  had  the  highest  SCA's  at  Ellerslie  and  Parkland  res¬ 
pectively.  The  parental  GCA  for  (CHxK)  at  Ellerslie  was  highest 
whereas  that  for  (Cxi)  at  Parkland  was  the  lowest.  The  poorest  hyorid 
was  (MxK)  at  both  locations,  having  the  lowest  SCA  value,  although 
one  of  its  parents  (Khush-hal)  showed  high  GCA.  The  variances  for 
GCA  were  generally  higher  than  those  for  SCA. 

Hybrid  (CHxC)  at  Ellerslie  and  (MxCH)  at  Parkland,  res¬ 
pectively  ranked  highest  for  number  of  spikelets  per  spike  with  respect 
to  their  SCA’s,  whereas  cross  (Mxl)  at  Ellerslie  and  (Cxi)  at  Parkland 
ranked  lowest.  It  could  be  argued  that  the  hybrid  (Mxl)  had  one  parent 
(Marquis )  ranking  highest  in  GCA  and  hybrid  (CHxC)  had  one  parent  (eiano) 
with  a  very  low  GCA  which  shows  that  high  parental  GCA's  might  not 
result  in  higher  SCA’s  for  the  hybrids.  In  general,  the  variances  for 
GCA,  were  higher  than  those  for  SCA.  The  reciprocal  effects  were  non¬ 
significant  for  all  crosses. 

The  interpretation  of  the  results  for  general  and  specific 
combining  ability  and  the  reciprocal  effects  for  number  of  seeds  per 
spike  (Table  11) ,  weight  of  seeds  per  spike  (Table  12) ,  1000-kernel 
weight  (Table  13)  and  yield  per  plant  (Table  14)  follow  the  same  pattern. 
Differences  may  be  found  with  respect  to  relative  positions  of  the 
parents  and  hybrids  concerned  but  the  general  conclusions  are  the  same. 


* 


. 


. 


Analysis  of  variance  of  general  and  specific  combining  ability 
for  ten  characters  from  F  diallel  set  at  two  locations. 
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A  general  review  of  the  results  of  the  combining  ability 
analyses  with  respect  to  all  the  characters  under  study  suggests  that: 

(i)  The  high  GCA  of  the  parents  can  not  be  taken  as  a  criterion  for 
the  evolution  of  hybrids  with  high  SCA's  since  the  hybrids  with  high 
SCA 1 s  were  associated  with  respective  parents  of  low  GCA's  and  V'ice 
versa. 

(ii)  Since  the  variances  for  GCA  were  usually  larger  than  those  for 
SCA,  and  since  GCA  is  the  result  of  additive,  and  SCA  non- additive  gene 
effects  (Sprague  and  Tatum,  1942;  Fryxel  et  at  1958  and  Griffing  1956), 
the  selection  of  the  parental  lines  on  the  basis  of  their  GCA's  should 
be  given  priority  over  selection  on  the  basis  of  their  SCA's.  This 
conclusion  may  also  be  supported  from  the  analysis  of  variance  for 
general  and  specific  combining  ability  (Table  15) .  The  results  of 
Table  15  reveal  that  the  variances  for  GCA  were  significant  except  for 
heading-span  at  Parkland  and  for  yield  per  plant  at  both  locations.  The 
variances  for  SCA  were  significant  only  for  onset-of-heading ,  final¬ 
heading  and  plant  height  (at  both  locations)  and  for  heading-span  and 
number  of  tillers  per  plant  (at  Parkland) .  Significance  of  variances 
for  GCA  thus  suggests  the  importance  of  additive  gene  effects  and 
emphasizes  that  substantial  differences  exist  among  the  parental  lines 
used  in  the  study.  (iii)  The  significant  variances  for  SCA  imply  that 
non-additive  gene  effects  for  the  particular  characters  are  relatively 
more  important  and  that  the  hybrids  with  highest  SCA's  may  be  selected 
for  further  breeding  adaptability  tests. 
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Dialiel  cross  analysis 

entries  from  Appendices  III  to  XXII  were  sorted  out 
and  complete  dialiel  tables  were  constructed  for  each  replication  with 
respect  to  all  the  characters  at  both  locations .  All  the  entries  were 
subjected  to  Hayman's  (1954a)  analysis  of  variance.  The  results  of  this 
analysis  are  presented  in  Table  16.  In  this  table  component  Cl  tests 
the  significance  of  additive  effects  and  b  the  dominance  effects  of 
genes,  while  b^  tests  the  mean  deviations  of  F  's  from  their  mid-parent 
values.  The  dominance-deviations,  if  predominantly  in  one  direction, 
may  result  in  significance  of  in  an  analysis  of  variance.  The  com¬ 
ponent  bg  indicates  the  extent  to  which  the  mean  dominance  deviations 
within  a  given  array  of  the  dialiel  table  differ  from  those  of  the  other 
arrays.  A  significant  b ^  thus  implies  that  some  of  the  parents  contain 
an  excess  of  dominant  alleles .  The  component  tests  the  portion  of 
the  dominance  deviations  attributable  to  individual  F  's.  The  difference 
between  the  reciprocal  crosses  is  assessed  by  the  significance  of  the 
c  component  and  maternal  effects  not  ascribable  to  e  are  reflected  by  d. 

In  Table  16  each  of  the  components  has  been  tested  for  significance 
against  its  own  block-interaction  mean-square.  The  c  was  not  significantly 
different  from  zero  at  either  location  for  any  of  the  characters  studied. 
Substantial  differences  among  the  parents  are  suggested  by  the  significance 
of  the  a  component  (additive  gene  effects)  for  onset-of -heading,  final 
heading,  plant  height,  number  of  spikeletes  per  spike  and  1000-kernel 
weight  at  both  locations  and  number  of  tillers  per  plant  and  number  of 
seeds  per  spike  at  Ellerslie.  Item  b  was  significant  for  final  heading 
at  both  locations  and  for  onset-of-heading  and  heading-span  at  Parkland. 
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for  ten  characters  from  F  diallel  set  at  two  locations 
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First  reading  under  each  column  refers  to  Ellerslie  and  the  second  to  Parkland. 
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Directional  dominance  (significance  of  &  )  was  exhibited  by  1000-kernel 
weight  at  Ellerslie.  Significance  of  b %  for  final  heading  at  Ellerslie 
and  for  plant  height  and  number  of  tillers  per  plant  at  Parkland  indi¬ 
cates  that  some  parents  probably  possess  more  dominant  alleles  than  others 
for  these  characters. 

The  assumptions  of  no  non-allelic  interaction,  no  multiple 
allelism  and  uncorrelated  parental  gene  distribution,  were  checked  by 
analysis  of  the  variance  of  The  test  of  homogeneity  of 

is  given  in  Table  17 .  None  of  the  characters  showed  heterogeneity  at 
either  location  and  the  conditions  underlying  the  diallel  cross  analysis 
could  therefore  be  accepted  as  valid.  For  analysis  of  the  genetic  com¬ 
ponents  of  variation,  the  offdiagonal  values  of  the  diallel  table  were 
replaced  with  the  common  mean  of  the  corresponding  cross  and  its 
reciprocal.  The  array  variances  (7  )  and  parent-offspring  covariances 
(f/  )  over  five  arrays  provided  the  basis  for  calculating  other  second 
degree  statistics  which  are  presented  in  Table  18.  The  estimates  of 
genetic  components  of  variation  obtained  from  second  degree  statistics 
(Hayman  1954b)  are  presented  in  Table  19.  Table  18  supplied  35  statistics 

[(15  7^'s  of  five  arrays  and  three  replications,  15  W^'s,  Vq^qi  ^ QLOl' 

2 

V  ,  7  and  {M  -  M  )  ]  and  10  constants  were  fitted  to  them  (5  F 

0L1  1L1  -Lil  LJ  v 

values,  D,  H^,  H h.  and  E;  F  was  not  considered,  as  it  is  the  mean  of 
five  F  ' s)  ,  leaving  25  degrees  of  freedom  for  error  to  test  the  signi¬ 
ficance  of  genetic  components  of  variation.  The  proportional  estimates 
of  the  genetic  parameters  from  Table  19  for  all  the  characters  are  given 
in  Table  20.  The  results  shown  in  Table  19  and  20  supported  by  the 
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Estimates  of  second  degree  statistics  parameters 
for  ten  characters  from  F  diallel  set  at  two  locations. 
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Estimates  of  components  of  variation 
for  ten  characters  from  F  diallel  set  at  two  locations. 
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graphical  analysis  of  regression  of  upon  V  ,  lead  to  the  following 
conclusions : 

At  both  locations,  onset-of-heading  was  inherited  as  a 

partially  dominant  trait,  as  shown  by  the  mean  degree  of  dominance 

1/2 

KHj  *  D)  =  0.48]  and  regression  line  (b^  )  which  passes  above 

v  r 

the  origin  (Figure  1) .  The  proportion  of  genes  with  positive  and  nega¬ 
tive  effects  in  the  parents  [H ^  +  4H^ ]  is  0.23  at  Ellerslie  and  0.21 
at  Parkland,  suggesting  a  slight  asymmetry  of  alleles  at  the  loci 
exhibiting  dominance.  The  proportion  of  dominant  to  recessive  genes  in 

7/9  7/9 

the  parents  [(4DHj)  +  F]  ±  [( 4DH '  -  F]  is  1.92  at  Ellerslie  and 

0.86  at  Parkland,  suggesting  a  preponderance  of  dominant  genes  in  the 
parents  at  Ellerslie  and  equal  proportions  of  dominant  and  recessive 
genes  at  Parkland.  The  coefficient  of  correlation  between  the  parental 
order  of  dominance,  i.e.  (W^  +  V^)  and  the  parent aL  measurements  [ (7  ) ; 
the  corresponding  values  of  the  main  diagonal  of  the  diallel  table] 
are  0.97  and  0.66  at  Ellerslie  and  Parkland  respectively.  High  positive 
correlation  at  both  locations  suggests  an  association  between  recessive 
genes  with  late  heading  and  dominant  genes  contributing  towards  early 
heading.  This  situation  is  reflected  in  the  standardized  deviation 
graph  (Figure  2)  where  all  the  Y  ,  (W^  +  V_^)  parental  intercepts  occupy 
(+,+)  and  (-,-)  quadrants,  except  Khush-hal  at  Parkland.  Figure  1 
classifies  Marquis  as  the  highly  recessive  and  Inia  as  the  highly 
dominant  parents  at  both  locations,  since  they  lie,  respectively, 
farthest  and  nearest  to  the  point  of  intersect  of  regression  line  and 


limiting  parabola.  Figure  2  supplements  this  conclusion  by  revealing 
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that  at  both  locations  the  highly  recessive  parent  contributes  towards 

late  heading  (+,+  quadrant)  and  the  highly  dominant  one  towards  early 

heading  (-,-  quadrant).  As  far  as  other  parents  are  concerned,  Chinook 

and  Ciano,  lying  in  (+,+)  and  (-,-)  quadrants,  may  be  classified  as 

recessive  late  headers  and  dominant  early  headers.  Khush-hal's  order 

of  dominance  seems  to  be  affected  by  the  environmental  influence,  being 

a  dominant  early  header  at  Ellerslie  (-,-  quadrant)  and  a  recessive 

medium-early  header  (-,+  quadrant)  at  Parkland.  The  number  of  groups 
2 

of  genes  (h  ^  1  at  both  locations,  suggests  that  at  least  one  group 

of  genes  control  onset-of -heading  and  exhibit  dominance.  The  heritability 
estimates  of  98.37%  at  Ellerlie  and  66.42%  at  Parkland  show  that  the 
character  is  highly  heritable. 

The  results  from  Table  19  and  20  for  final  heading  (Figures  3, 
4)  and  heding-span  (Figures  5,6)  are  subject  to  the  same  kind  of  inter¬ 
pretation  as  for  onset-of-heading  except  for  changes  in  the  relative 
positions  of  the  parents  with  respect  to  their  ranking  order  for  dominance, 
and  therefore  they  are  not  discussed  separately. 

For  plant  height,  the  mean  degree  of  dominance  of  0.3  at 
both  locations  shows  that  height  is  inherited  as  a  partially  dominant 
character.  The  W,V  graph  (Figure  7)  with  a  regression  line  inter¬ 
secting  the  limiting  parabola  above  its  origin  supports  the  above  conclu¬ 
sion  .  The  proportion  of  genes  with  positive  and  negative  effects  in  the 
parents  is  approximately  the  same  for  both  locations  (0.158  at  Ellerslie 
and  0.170  at  Parkland) ,  indicating  asymmetry  in  the  distribution  of 
alleles  at  loci  exhibiting  dominance.  The  ratio  of  dominant  to  recessive 
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genes  in  the  parents  is  approximately  equal  to  one  at  both  locations, 
suggesting  that  the  parents  contain  equal  numbers  of  dominant  and 
recessive  genes .  The  coefficient  of  correlation  between  the  parental 
order  of  dominance  and  parental  measurements  is  0.17  at  Ellerslie  and 
0.07  at  Parkland,  indicating  weak  association  between  the  measurements 
of  the  parents  and  their  order  of  dominance.  Figure  7  indicates  that 
Marquis  at  Ellerslie  and  Khush-hal  at  Parkland  are  the  most  recessive 
parents  while  Inia  at  both  the  locations  is  the  most  dominant  parent. 
Figure  8  classifies  the  parental  order  of  dominance  together  with 
their  height  performance.  It  places  highly  recessive  parents  Marquis 
(at  Ellerslie)  and  Khush-hal  (at  Parkland)  into  (+,+)  and  (-,+)  quad¬ 
rants  ,  showing  that  recessiveness  of  the  former  is  responsible  for 
tallness,  while  the  recessive  genes  of  the  latter  carry  effects  dec¬ 
reasing  height.  The  position  of  Inia  in  the  (-,-)  quadrant  of  the 
graph  (Figure  8)  at  both  locations  suggests  that  it  contains  a 
preponderance  of  dominant  genes  contributing  towards  shortness .  The 
ranking  order  of  Ciano  appears  to  be  influenced  by  location  effects. 

At  Ellerslie,  it  is  highly  dominant,  contributing  towards  reduced 
height  while  at  Parkland  it  has  an  excess  of  recessive  genes,  again 
responsible  for  shortness .  The  character  seems  to  be  consistently 
highly  heritable  over  the  locations  (77.40%  heritability  at  Ellerslie 
and  82,99%  at  Parkland). 

The  genetic  components  of  variation,  D 3  Fj  H ^  and  H ^  are  not 
significant  for  number  of  tillers  per  plant  at  Ellerslie  and  therefore 
estimates  of  mean  degree  of  dominance,  proportion  of  dominant  to 
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recessive  genes  in  the  parents  etc ,  should  be  meaningless  (as 
suggested  by  Hayman,  1954b) .  Moreover,  the  V '  graph  (Figure  9) 

for  Ellerslie  is  distorted.  The  mean  degree  of  dominance  at  Parkland 
(1.06)  indicates  over-dominance.  This  is  supported  by  Figure  9  in 
which  the  regression  line  intersects  the  limiting  parabola  above 
its  origin.  The  proportion  of  genes  with  negative  and  positive 
alleles  at  loci  exhibiting  dominance  is  0.15  revealing  asymmetry  in 
distribution  of  alleles.  The  proportion  of  dominant  to  recessive 
genes  in  the  parents  is  3.409  which  indicates  an  excess  of  dominant 
genes  in  the  parents .  Consequently  Khush-hal ,  Ciano  and  Inia 
are  categorized  as  parents  with  a  preponderance  of  dominant  genes , 
and  of  these  Inia  is  the  most  dominant  one  as  it  lies  closest  to 
the  point  of  intersection  of  the  regression  line  with  the  limiting  para¬ 
bola  (Figure  9) .  The  significant  positive  correlation  between  the  parental 
order  of  dominance  and  the  parental  measurements  (0.80)  shows  that  the 
genes  with  negative  effects  for  number  of  tillers  per  plant  are  mostly 
dominant  and  those  with  positive  effects  are  mostly  recessive.  This  is 
shown  graphically  in  Figure  10  where  parental  Y ^  (W^  +  V )  intercepts 
occupy  only  the  (+,  +  )  and  (-,-)  quadrants.  Ciano  and  Inia  contain  an 
excess  of  dominant  genes  (-,-  quadrant)  with  lower  tillering  capacity. 
Chinook  appears  to  be  recessive,  with  a  higher  number  of  tillers  per 
plant  at  Ellerslie,  but  shows  an  equal  number  of  recessive  and  dominant 
genes  at  Parkland.  Marquis  and  Khush-hal  appear  to  be  inconsistent  with 
respect  to  order  of  dominance.  At  Ellerslie,  Marquis  has  an  excess  of 
dominant  genes  but  at  Parkland  it  has  become  highly  recessive.  The 
reverse  situation  exists  with  Khush-hal  which  is  placed  in  the  (+,+) 
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quadrant  at  Ellerslie  and  in  the  quadrant  at  Parkland.  The 

estimate  for  the  number  of  groups  of  genes  controlling  tiller  number 
seems  to  be  questionable  for  Ellerslie  (Table  20)  where  the  relevant 
components  of  variation  were  nonsignificant  (Table  19) .  However  it  is 
approximately  equal  to  one  at  Parkland,  showing  that  at  least  one  group 
of  genes  exhibiting  dominance  controls  tillering.  The  heritability  of 
this  character,  low  at  Ellerslie  (2.86%)  and  relatively  high  at  Parkland 
(48.85%)  seems  to  be  affected  by  environmental  differences. 

With  regard  to  number  of  spikelets  per  spike,  there  was 

1/2 

over-dominance  at  both  locations,  since  [H^/D]  >  1  and  the  f/  /7 

regression  line  intersects  the  limiting  parabola  below  its  origin 
(Figure  11) .  The  genetic  components  of  variation  were  not  signi¬ 
ficant  for  Parkland  and  the  proportional  estimates  of  genetic  para¬ 
meters  given  in  Table  20  have  therefore  to  be  ignored.  For  Ellerslie, 
the  proportion  of  genes  with  positive  and  negative  alleles  at  loci 
exhibiting  dominance  is  approximately  0.2,  indicating  a  slight 
asymmetry  in  distribution.  The  proportion  of  dominant  to  recessive 
genes  in  the  parents  is  0.99,  suggesting  approximately  equal  propor¬ 
tions  of  dominant  and  recessive  genes.  Figure  11  classifies  Marquis, 
Khush-hal  and  Ciano  as  having  an  excess  of  recessive  genes.  The  cor¬ 
relation  coefficient  (r^  ^  +  )  of  -0.2  at  Ellerslie  suggests 

p  p  p 

that  parental  measurements  are  not  related  with  their  order  of 
dominance,  while  r  -  0.75  at  Parkland  suggests  that  genes  for  lower 
spikelet  number  per  spike  are  dominant .  Order  of  dominance  of  the 
parents  (Figure  12)  seems  to  be  inconsistent  for  the  two  locations 
except  Marquis  and  Inia.  Chinook,  the  highly  recessive  parent  at  Parkland 
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appeared  highly  dominant  at  Ellerslie.  Khush-hal  and  Ciano  with 
a  preponderance  of  recessive  genes  at  Ellerslie  (-,+  quadrant)  con¬ 
tained  mostly  dominant  genes  at  Parkland  (-,-  quadrant) .  The  ratio 
2 

h  /H 2  =  0.46  suggests  that  possibly  one  group  of  dominant  genes  is 
controlling  the  number  of  spikelets  per  spike.  Heritability  estimates 
of  31.82%  at  Ellerslie  and  9.25%  at  Parkland  suggest  that  not  only  the 
character  is  low  heritable  but  inconsistent  over  the  locations  also. 

As  far  as  the  other  components  of  yield  i.e.  number  of  seeds 
per  spike  (Table  19,  20  and  Figure  13,  14) ,  weight  of  seeds  per  spike  (Table 
19,  20  and  Figure  15,  16)  and  1000-kernel  weight  (Table  19,  20  and  Figure 
17,  18)  are  concerned,  the  interpretation  of  the  results  from  relevant 
tables  and  figures  will  be  similar.  The  changes  in  the  relative  positions 
of  the  parents  for  their  order  of  dominance  may  be  encountered  which  may 
be  interpreted  accordingly. 

The  results  of  diallel  cross  analysis  for  yield  per  plant  are 
meaningless  both  for  Ellerslie  and  Parkland  data.  Paradoxically,  7L  for 
Ellerslie  and  Dj  H ^  and  for  Parkland  have  negative  values  significantly 
different  from  zero.  Consequently  the  graph  (Figure  19)  for  Park¬ 

land  appears  to  be  severely  distorted.  The  respective  graph  for  Ellerslie 
does  not  seem  to  be  distorted  and  suggests  the  validity  of  the  hypotheses 
underlying  the  diallel  analysis.  However,  a  significant  negative  H ^  invali¬ 
dates  the  interpretation  of  the  graph.  The  same  objection  applies  to  stan¬ 
dardized  deviation  graph  (Figure  20)  also. 

ANALYSIS  OF  F2  DATA 

It  will  not  be  out  of  place  to  mention  again  that  the  F2 
generation  hybrids  were  duplicated  in  each  replication  at  both  locations, 
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Simple  correlation  coefficients  between  ten  characters 
from  F  diallel  set  at  two  locations. 
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partly  to  meet  the  entry  requirements  of  the  partially  balanced  lattice 
design,  and  partly  to  reduce  the  genetic  sampling  error  inherent  in  the 
segregating  generation.  Though  the  heading  data  and  yield  observations 
were  recorded  separately  for  the  two  repetitions,  the  analysis  of  the 
data  is  based  on  their  average. 

Simple  correlation  coefficients  for  all  the  characters  are 
shown  in  Table  21.  The  results  reveal  that: 

Onset-of -heading  was  positively  correlated  with  final 
heading,  plant  height,  number  of  spikelets  per  spike,  number  of  seeds 
per  spike,  and  negatively  correlated  with  weight  of  seeds  per  spike,  1000- 
kernel  weight  and  yield  per  plant  at  both  locations .  Correlation  with 
number  of  tillers  per  plant  was  only  exhibited  at  Parkland.  The  negative 
association  of  onset-of-heading  with  yield  and  its  two  components,  weight 
of  seeds  per  spike  and  1000-kernel  weight,  suggests  that  early  maturing 
varieties  are  higher  yielders  and  consequently  their  seed  weighs  more  than 
the  late  maturing  ones.  This  kind  of  relationship  was  also  noticed  for 
hybrids .  Correlation  of  final  heading  and  heading-span  with  other  charac¬ 
ters  has  the  same  kind  of  interpretation. 

Plant  height  exhibited  significant  positive  correlation  with 
number  of  tillers  per  plant,  number  of  spikelets  per  spike,  number  of  seeds 
per  spike  and  1000-kernel  weight  at  both  locations.  Correlation  with  yield 
per  plant  was  not  significant. 

Number  of  tillers  per  plant  exhibited  positive  correlation 
with  yield  per  plant  at  both  locations  and  with  number  of  spikelets  per 
spike  at  Parkland  but  was  negatively  associated  with  weight  of  seeds  per 
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First  reading  under  each  column  refers  to  Ellerslie  and  second  to  Parkland 
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spike  and  1000-kernel  weight  at  Parkland.  Negative  correlations  with 
weight  of  seeds  per  spike  and  1000-kernel  weight  establish  an  inverse 
relationship  indicating  that  more  the  tillers  per  plant,  the  higher  is 
the  yield  and  the  lower  the  weight  of  seeds  per  spike  and  1000-kernel 
weight.  The  correlation  coefficients  of  other  components  of  yield,  viz., 
number  of  spikelets  per  spike,  number  of  seeds  per  spike,  weight  of 
seeds  per  spike  and  1000-kernel  weight  may  be  explained  in  the  same 
manner . 

Yield  per  plant  was  positively  correlated  with  its  components, 
viz.,  number  of  tillers  per  plant,  number  of  spikelets  per  spike,  weight  of 
seeds  per  spike  and  1000-kernel  weight.  It  was  negatively  associated  with 
onset-of-heading  at  Ellerslie,  while  its  correlation  at  Parkland  was  not 
significant.  Negative  correlation  of  yield  with  onset-of-heading  indicates 
that  high  yielding  varieties  are  usually  early  maturing. 

Factor  analysis  was  performed  on  the  complete  diallel 
data.  Four  principal  factors,  derived  by  factorizing  correlation  matrix 
into  a  varimax  rotated  factor  matrix,  accounted  for  81.7%  of  the  variability 
present  in  the  data.  Since  it  was  thought  that  82%  of  the  variation  (as 
explained  by  these  four  factors)  was  not  sufficient,  the  number  of  factors 
was  raised  to  five  and  the  procedure  was  repeated  through  computerization. 
The  five  factors  were  found  to  explain  92%  of  the  variation  in  the  data. 

A  further  six  factor  matrix  explained  96%  of  the  variability,  it  was  not 
significantly  different  from  the  five  factor-matrix  which  was  therefore 
considered  and  the  results  are  given  in  Table  22. 

Since  the  first  factor  showed  the  highest  loadings  for 
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onset-of -heading  and  final  heading  at  both  locations  and  accounted  for 
of 

28%a variability  at  Ellerslie  and  34%  at  Parkland,  it  was  named  lateness . 

It  was  positively  affected  by  plant  height  and  negatively  by  weight  of 
seed  per  spike,  1000-kernel  weight  and  yield  per  plant  at  both  locations. 
This  implies  that  a  longer  heading  period  causes  the  plants  to  grow  taller 
but  yield  less,  with  lower  seed  weight  per  spike  and  consequently  lower 
1000-kernel  weight.  Number  of  tillers  per  plant,  number  of  spikelets 
per  spike  and  number  of  seeds  per  spike  at  both  locations  contributed 
very  little  to  this  factor. 

The  second  principal  component  was  termed  yi eld- component s . 
Although  earlier  the  term  yielding -capacity  v/as  applied  in  the  F  factor 
analysis,  the  above  term  is  considered  more  suitable  because  of  the  con¬ 
sistently  higher  loadings  for  yield  components.  Thus  this  component 
shows  maximum  loadings  for  number  of  spikelets  per  spike,  number  of  seeds 
per  spike  and  weight  of  seeds  per  spike  at  both  locations .  Negative 
contributions  tov/ards  this  factor  due  to  heading-span  at  both  locations 
and  number  of  tillers  per  plant  and  1000-kernel  weight  at  Ellerslie  reveal 
that  varieties  with  longer  maturing  times  yield  less,  produce  fewer  tillers 
per  plant  and  show  lower  1000-kernel  weight. 

The  third  principal  component  was  named  tilleving-ca'pacity 
as  it  provided  the  maximum  contribution  to  number  of  tillers  per  plant 
at  both  locations.  The  factor  accounted  for  16%  and  13.5%  of  the  total 
variability  in  the  data  at  Ellerslie  and  Parkland  respectively.  Yield 
was  significantly  affected  at  Ellerlie,  but  at  Parkland,  the  contribu¬ 
tion  towards  yield  was  comparatively  low.  Number  of  spikelets  per  spike. 


■ 


Estimates  of  general  combining  ability  of  five  parental  lines 
used  in  F^  diallel  set  for  ten  characters  at  two  locations. 
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First  reading  under  each  column  refers  to  Ellerslie  and  second  to  Parkland. 
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number  of  seeds  per  spike  and  heading-span  at  both  locations  ,  weight 
of  seeds  per  spike  and  1000-kernel  weight  at  Ellerslie  contributed 
positively  to  this  factor. 

The  fourth  principal  factor,  accounting  for  15%  and  13% 
variability  at  Ellerslie  and  Parkland  and  carrying  the  highest  loadings 
for  1000-kernel  weight  at  both  locations,  was  called  hernet-Weight . 

The  factor  was  contributed  to  by  weight  of  seeds  per  spike  and  yield  per 
plant  at  both  locations ,  although  the  effect  of  number  of  seeds  per  spike 
appears  to  be  slight.  Other  characters  such  as  plant  height,  final 
heading  and  onset-of -heading  at  both  locations  were  negatively  affected. 

The  fifth  principal  factor,  since  it  was  termed  heading 
period,  was  strongly  affected  by  heading-span.  It  explained  12%  of  the 
total  variation  at  both  locations,  and  was  adversely  affected  by  yield 
and  its  components.  Final  heading,  plant  height  and  number  of  tillers 
per  plant  at  both  locations  scored  positively  for  this  factor  but  their 
contribution  was  relatively  low. 

Combining  ability  analysis 

Estimates  of  general  combining  ability  for  the  five  parental 
lines  are  presented  in  Table  23.  Marquis  scored  highest  for  onset-of- 
heading  and  Ciano  lowest  at  both  locations.  The  same  was  true  for  final 
heading.  For  heading-span,  Chinook  ranked  first  and  Ciano  last.  In 
plant  height.  Marquis  excelled  at  both  locations  while  Inia  at  Ellerslie 
and  Ciano  at  Parkland  were  lowest.  For  number  of  tillers  per  plant, 


Khush-hal  ranked  first  at  Ellerslie  and  Chinook  ranked  first  at  Parkland. 
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Estimates  of  specific  combining  ability,  reciprocal  effects  and  variances 
of  general  and  specific  combining  ability  from  F  dialled  set  at  two  location. 
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For  number  of  spikelets  per  spike.  Marquis  was  highest  at  both  locations 
while  Khush-hal  at  Ellerslie  and  Ciano  at  Parkland  ranked  lowest.  For 
number  of  seeds  per  spike.  Marquis  ranked  highest  at  both  locations  and 
Ciano  was  the  lowest.  For  weight  of  seeds  per  spike  and  1000-kernel  weight, 
Inia  ranked  first  at  both  locations,  while  Chinook  ranked  last  for  weight 
of  seeds  per  spike;  and  for  1000-kernel  weight,  Marquis  at  Parkland  and 
Chinook  at  Ellerslie  ranked  last.  For  yield,  Inia  at  Ellerslie  and  Khush- 
hal  at  Parkland  scored  highest  GCA  and  Khush-hal  at  Ellerslie  and  Ciano 
at  Parkland  ranked  lowest. 

Specific  combining  abilities  of  the  F2  hybrids ,  the  reciprocal 
effects  and  the  variances  for  general  and  specific  combining  abilities  are 
given  in  Tables  24  to  33.  These  are  discussed  under  individual  characters. 

Cross  (Cxi)  had  the  highest  SCA  for  onset-of -heading  (Table  24) 
at  both  locations  and  (MxK)  at  Ellerslie  and  (Mxl)  at  Parkland  were  the 
lowest.  Hybrid  (Cxi)  with  the  highest  SCA  had  parents  with  the  lowest 
GCA’s  at  both  locations.  Similarly  the  lowest  ranking  hybrids  (MxK)  and 
(Mxl)  had  one  parent  (Marquis)  with  the  highest  GCA  at  both  locations. 

These  kinds  of  results  support  those  of  the  F  combining  ability  analyses. 
Thus  it  is  seen  that  parental  lines  with  high  GCA's  do  not  necessarily 
produce  hybrids  with  high  SCA's.  The  variances  for  GCA  were  usually 
larger  than  those  for  SCA  except  for  Khush-hal  at  Ellerslie  and  Inia 
at  Parkland.  Relatively  high  SCA  variances  for  Inia  and  Khush-hal  imply 
an  inconsistency  in  their  SCA  performance  of  their  hybrids  at  both  loca¬ 
tions.  Reciprocal  effects  were  generally  non-significant  except  for 
(CxCH)  at  Ellerslie  which  may  be  ascribed  to  the  female  parent  of  the 


hybrid . 


. 


Estimates  of  specific  combining  ability,  reciprocal  effects  and  variances 
of  general  and  specific  combining  ability  from  F  diallel  set  at  two  locations. 
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With  respect  to  final  heading  (Table  25)  and  heading-span 
(Table  26) ,  although  there  are  some  differences  in  relative  positions 
of  the  parents  and  hybrids  concerned,  the  general  conclusions  are  the 
same  as  for  onset-of-heading. 

Cross  (MxCH)  at  Ellerslie  and  (MxK)  at  Parkland  ranked 
highest  for  plant  height  while  (Mxl)  at  both  locations  was  the  lowest 
(Table  27).  Cross  (MxCH)  had  both  parents  with  highest  GCA's  at 

both  locations  while  cross  (MxK)  with  highest  SCA  at  Parkland  had  one 
parent  (Khush-hal)  with  a  comparatively  low  GCA.  Similarly  (Mxl)  with 
lowest  SCA  at  both  locations  had  Marquis  parent  with  highest  GCA  at  both 
locations.  In  all  cases  the  variances  for  GCA  were  greater  than  those 
for  SCA.  Crosses  (CxCH) ,  (IxM)  and  (IxCH)  at  both  locations  and  (KxM) 
at  Ellerslie  showed  significant  reciprocal  effects,  which  may  be  ascribed 
to  the  female  parents  because  of  the  positive  sign  appended  to  each  effect. 

For  number  of  tillers  per  plant  (Table  28) ,  crosses  (KxC) 
at  Ellerslie  and  (CHxK)  at  Parkland  scored  highest  in  SCA  and  (CHxC)  at 
Ellerlie  and  (MxCH)  at  Parkland  scored  lowest.  It  is  again  noteworthy 
that  one  parent  of  the  hybrids  with  high  SCA  (Ciano)  had  the  second  lowest 
GCA  at  both  locations,  while  one  parent  of  those  scoring  lowest  in  SCA 
(Chinook)  had  the  highest  GCA  at  both  locations.  The  variances  for  GCA 
were,  in  general,  greater  than  those  for  SCA  and  the  reciprocal  effects 
were  non-significant. 

The  general  interpretations  for  the  remaining  components 
of  yield,  viz.,  number  of  spikelets  per  spike  (Table  29),  number  of  seeds 


per  spike  (Table  30) ,  weight  of  seeds  per  spike  (Table  31)  and  1000-kernel 


’ 


. 


Estimates  of  specific  combining  ability,  reciprocal  effects  and  variances 
of  general  and  specific  combining  ability  from  F  diallel  set  at  two  locations. 
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weight  (Table  32)  and  the  conclusions  derived  therefrom  with  respect  to 
SCA's  do  not  differ  from  number  of  tillers  per  plant.  Only  the  relative 
positions  and  respective  ranking  orders  of  the  parents  and  hybrids  are 
changed. 

For  yield  per  plant  (Table  33) ,  crosses  (KxC)  at  Ellerslie 
and  (CHxK)  at  Parkland,  respectively  scored  highest  in  SCA  while  (CHxC) 
at  Ellerslie  and  (Kxl)  at  Parkland  ranked  lowest.  One  parent  of  (Kxl) , 
Inia,  scored  highest  for  GCA  at  both  locations  while  one  parent  of  (CHxC) , 
Chinook,  scored  lowest  at  Ellerslie  and  other  parent,  Ciano,  scored  second 
highest  at  Ellerslie.  (KxC)  had  one  parent  (Khush-hal)  with  the  second 
lowest  GCA  at  Ellerslie.  The  variances  for  GCA  were  greater  than  those 
for  SCA  except  for  Marquis  and  Ciano  at  both  locations,  and  Chinook, 
Khush-hal  and  Inia  at  Parkland.  The  reciprocal  effects  were  non¬ 
significant  except  for  (KxM)  at  Ellerslie  which  may  be  ascribed  to 
Khush-hal  because  of  the  positive  sign  appended  to  the  effect. 

The  following  conclusions  may  be  drawn  from  the  analysis 
of  general  and  specific  combining  ability  for  all  the  characters  con¬ 
sidered:  (1)  In  all  cases,  since  hybrids  with  high  SCA's  were  associated 

with  the  parents  with  low  GCA's,  the  high  GCA's  of  the  parental  lines  may 
not  be  taken  as  criteria  to  predict  high  SCA's  of  their  hybrids.  (2)  In 
most  cases,  the  variances  for  GCA's  were  greater  than  those  for  SCA's. 

The  analysis  of  variance  for  general  and  specific  combining  ability 
(Table  34)  also  supports  this  conclusion.  In  all  cases,  the  mean  squares 
for  GCA  in  Table  34  are  significant  except  for  heading-span  and  yield 
per  plant  at  Parkland.  This  implies  that  GCA  which  is  largely  due  to 
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Analysis  of  variance  of  general  and  specific  combining  ability  and  reciprocal  effects 
from  Fp  diallel  set  for  ten  characters  at  two  locations. 
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TABLE  36 

TABLE  37 

Analysis  of  variance  of  V  -V 

P  2"* 

from  F  diallel  set  for  ten  characters  at  two  locations.  Estimates  of  second  degree  statistics  parameters 

*  for  ten  characters  from  F  diallel  set  at  two  locations 
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additive  gene  effects,  is  relatively  more  important  than  SCA,  which  is 
due  to  non-additive  gene  effects,  as  far  as  selection  on  the  basis  of 
these  characters  is  concerned.  (3)  The  significance  of  SCA  variances 
implies  that  hybrids  yield  much  less  than  would  be  expected  on  the  basis 
of  the  GCA's  of  their  parents.  This  suggests  that  character  instability 
of  a  hybrid  is  largely  due  to  high  SCA  variances  associated  with  its 
parents . 

Dialled  cross  analysis 

The  results  of  the  analysis  of  variance  performed  after 

Hayman  (1954a)  on  the  F^  diallel  table  are  given  in  Table  35.  The 

presence  of  additive  gene  effects  is  shown  by  significant  a’s  for  onset- 

of -heading ,  plant  height,  number  of  spikelets  per  spike,  number  of  seeds 

per  spike,  weight  of  seeds  per  spike  and  1000-kernel  weight  at  both 

locations;  also  for  yield  per  plant  at  Ellerslie  and  final  heading  and 

number  of  tillers  per  plant  at  Parkland.  Significant  additive  gene 

effects  for  these  characters  suggest  substantial  differences  among  the 

parental  lines  used.  Significant  b's  for  onset-of -heading ,  final  heading 

and  plant  height  shows  that  dominance  is  present  while  significant  b^'s 

\ 

indicate  some  asymmetry  of  loci  exhibiting  dominance  for  these  characters, 
suggesting  that  some  parents  contain  more  dominant  alleles  than  others . 
Significant  b^'s  for  onset-of -heading ,  final  heading,  plant  height  and 
yield  per  plant  at  both  locations,  and  for  number  of  tillers  per  plant 
at  Ellerlie,  imply  that  specific  combining  ability  for  these  characters 
is  comparatively  more  important  than  general  combining  ability  when  a 
pedigree  selection  procedure  is  followed  in  a  breeding  programme  (Mather 


and  Jinks,  1971). 


' 


Estimates  of  genetic  components  of  variation  and  their  standard  error* 
from  F_  diallel  set  for  ten  characters  at  two  locations. 


88 


X 

« 

*  * 

* 

♦ 

* 

■« 

* 

4 

*  -X 

X 

X 

X 

X 

X 

X 

*  x 

x 

« 

■« 

« 

■X 

« 

■« 

-X  X 

X 

X 

X 

X 

o*  cn 

O'  <D 

iD  m 

CN 

CN 

CN 

O' 

o 

ro 

rH 

rH 

CO  rH 

rH 

vn 

m 

O' 

O'  LO 

CN  CO 

in  at 

O 

CO 

at 

rH 

rH 

lO 

O' 

CN 

O  CN 

CO 

CN 

r* 

in 

co  r- 

in  rH 

vo  at 

CO 

CO 

ID 

ao 

CM 

O' 

in 

O 

O  O 

CN 

O' 

at 

co 

O  CN 

*H  CN 

O  CN 

rH 

VD 

o 

O 

O 

O 

O' 

O 

O  O 

ro 

m 

fN 

/H 

o  o 

d  o 

o  o 

CN 

V 

o 

O 

o 

O 

O 

o 

O  O 

O 

o 

o 

O 

44  ■4-1 

4|  41 

41  41 

41 

41 

41 

+1 

41 

41 

44 

41 

+4  41 

41 

p 

41 

41 

rH  rH 

H  Ct 

r-  o 

CO 

at 

O 

O' 

ro 

VD 

in 

in 

m  in 

co 

m 

O 

CN 

m  at 

vD  co 

o  o 

CO 

o 

r* 

at 

in 

#H 

o 

at 

crt  at 

CO 

r- 

CO 

ro  O 

rH  ID 

o  <h 

at 

V 

at 

vD 

r- 

in 

m 

o 

o  o 

vd 

o 

at 

cn 

(N  in 

cn  r- 

cn  at 

o’ 

r- 

vD 

r- 

rH 

CN 

ot 

o 

o  o 

in 

•H 

O' 

in 

o  o 

o  o 

0. 

0. 

o* 

o 

o 

o 

O 

CN 

o 

o  o 

CN 

CN 

rH 

rH 

*  x 

x  * 

« 

*  * 

*  4 

♦ 

CO  vO 

*3*  rH 

ID  co 

vD 

CO 

CN 

vD 

CN 

VD 

O* 

rH 

rH  vD 

co 

VD 

H 

*H  O' 

at  ao 

m  <o 

rH 

o 

at 

in 

r- 

at 

CN 

ro  CO 

at 

m 

co 

O’  rH 

rH  r- 

VD  rH 

CO 

at 

ao 

<N 

co 

ao 

CO 

O  O 

CN 

at 

o 

O’ 

n  rH 

vd  ao 

CN  CN 

ao 

at 

CN 

ro 

o 

rH 

CO 

VD 

o  o 

ro 

rH 

CN 

in 

O  r-t 

o  o 

d  rH 

CD 

co 

O 

O 

o 

O 

rH 

rH 

o  o 

rH 

CN 

rH 

o 

rH 

CS3 

rC 

4-1  4-1 

41  41 

41  4! 

41 

+1 

41 

41 

41 

41 

41 

44 

P  41 

P 

P 

P 

41 

in  co 

r-~  rH 

O  r" 

CN 

O 

CN 

■H 

O 

in 

rH 

r- 

vo  ao 

O' 

CN 

O' 

CN  rH 

vD  m 

ID 

CO 

ro 

O 

vD 

vd 

CO 

CN 

ro  CO 

CN 

co 

co 

O’ 

rH  in 

in  rH 

at 

O 

CN 

ct 

tD 

vn 

VD 

ao 

O  O 

O' 

at 

vO 

CO  vO 

CN  rH 

rH  CN 

O' 

ao 

CH 

vD 

O 

o 

O 

o 

O  O 

vO 

VD 

i — 4 

r- 

r-  d 

id  r- 

O  O 

rH 

CN 

O 

i — i 

o 

o 

rH 

1 — 1 

O  O 

rH 

ro 

O 

o 

rH 

«H 

1 

1 

1 

1 

1 

* 

1 

1 

i 

X  4t 

*  4t 

X  * 

X  X 

-X 

(M  Ot 

in  vd 

O’  rH 

o 

CN 

o 

rH 

CN 

at 

O' 

r- 

vd  n- 

in 

«H 

at 

VD 

ID  O 

r-*  o 

co  r- 

rH 

at 

m 

co 

vD 

f'- 

O' 

*D 

O’  CN 

ao 

in 

O' 

C-i 

o  m 

rH  O 

at  at 

GO 

CN 

rH 

CO 

CN 

r- 

CN 

O  H 

VO 

m 

CO 

rH 

in  vo 

at  co 

co  r- 

O 

rH 

O' 

O' 

i — 1 

CN 

r» 

O' 

o  o 

at 

CN 

r~ 

CO 

O  rH 

O  rH 

O  rH 

ro 

ao 

o 

o 

O 

o 

CN 

CN 

o  o 

rH 

CO 

• — i 

O 

rH 

CN 

CSJ 

Et; 

44  41 

P  41 

41  41 

41 

44 

44 

41 

41 

41 

44 

41 

41  41 

41 

p 

41 

P 

CO  O' 

CN  iD 

O*  rH 

rH 

at 

in 

in 

CO 

CN 

CN 

O* 

in  cn 

ro 

o 

CN 

CO 

O  rH 

O  00 

co  r- 

ID 

o 

o 

o 

in 

VO 

in 

at 

vo  »D 

CO 

O 

at 

m 

CO  rH 

ao  co 

m  at 

CN 

o 

r» 

vD 

VO 

in 

o 

co 

o  o 

r- 

at 

O’ 

O' 

r-  o 

rH  CO 

m  o 

o' 

at 

ro 

ID 

o 

o 

rH 

ao 

o  o 

rH 

o* 

r- 

m 

co  f'- 

o  at 

o  cn 

vD 

o 

O 

O 

o 

o 

rr 

o 

o  o 

o 

CN 

o 

o 

CN 

ro 

i 

1 

i 

X  X 

x  * 

* 

X  * 

*  X 

-X 

at 

o 

*H  CN 

in  at 

r-v  O’ 

i — i 

o 

in 

CN 

rH 

O' 

r~ 

vD 

o  o 

CO 

CO 

CO  O 

rH  CO 

CO  rH 

CN 

ro 

r- 

CO 

at 

VD 

ro 

O 

in  or 

o 

ao 

V0 

m  cn 

rH  CO 

CO  CO 

CN 

in 

CO 

ro 

O 

o 

CO 

O  rH 

co 

vO 

ct 

in  co 

O  O' 

o  at 

O’ 

O 

O' 

in 

rH 

CO 

o 

r- 

o  o 

*H 

in 

at 

CO 

O  rH 

O  rH 

O' 

rH 

o 

o 

O 

O 

CO 

CN 

o  o 

CN 

CO 

rH 

o 

rH 

ro 

S3 

-H  44 

41  41 

44  41 

44 

41 

44 

41 

41 

41 

41 

44 

41  41 

41 

44 

41 

p 

at  co 

CO  o 

rH 

at 

ID 

o* 

CO 

*D 

r~* 

r-> 

ro  rH 

m 

CN 

O 

VO 

o  o 

co  co 

CO 

ao 

co 

at 

r' 

at 

i — 

o 

r-'  cn 

rH 

CN 

vD 

CO 

>D  VO 

o  o 

at  a- 

o* 

O' 

in 

CO 

CN 

CO 

ir 

CN 

O  <H 

CO 

rH 

VO 

VD 

o  in 

ao  ^ 

in  o 

»D 

a» 

rH 

at 

o 

o 

r- 

O' 

o  o 

in 

CN 

VO 

rH 

*53*  o 

o  co 

in 

co 

o 

o 

o 

o 

CN 

o 

o  o 

o 

CO 

O 

rH 

rH 

co 

o 

1 

1 

1 

* 

*  * 

■* 

* 

* 

X  4 

* 

-x 

■x 

X 

CN  vO 

ID  co 

cn  r- 

CN 

CN 

ao 

r-" 

O' 

O' 

r-  o 

m 

in 

ro 

ID  CO 

in  id 

rH  CN 

o 

ID 

CO 

r- 

co 

ro 

CC 

in 

O'  at 

r- 

ct 

O 

ao 

rH  GO 

CO  CN 

O  CO 

o' 

ao 

CN 

at 

CN 

CO 

CN 

O  H 

O 

rH 

CN 

CN 

in  id 

at  co 

o*  ao 

CO 

ID 

O' 

O’ 

rH 

CN 

r- 

m 

o  o 

o 

ro 

CD 

co 

O  rH 

O  rH 

O  rH 

CO 

CO 

o 

o 

o 

O 

CN 

CN 

o  o 

CN 

CO 

rH 

o 

1 — 1 

CN 

41  4! 

41  44 

44  41 

41 

41 

41 

44 

p 

4! 

41 

41 

P  41 

41 

p 

41 

41 

O  rH 

r-  o 

rH 

CN 

at 

at 

r-- 

P0 

r- 

rH  • 

co  in 

co 

uo 

CN 

O 

CPi  CN 

CO  m 

o 

at 

in 

at 

CD 

rj 

CO 

at 

CO 

rH  r- 

VD 

in 

O' 

O' 

o  cn 

*D  CN 

>D  CO 

ID 

CN 

i — i 

at 

co 

o* 

CN 

a> 

co  O 

VO 

H 

rH 

r- 

o  co 

CO  CO 

O  O 

CN 

ro 

o 

in 

iH 

ao 

CN 

i — i 

o  o 

at 

CO 

CO 

r- 

VD  o 

0  CO 

O  CO 

in 

co 

o 

<H 

o 

o 

CO 

CN 

o  o 

o 

rH 

o 

rH 

1 

CN 

CO 

1 

» 

1 

1 

1 

i 

1 

1 

*  * 

4  4t 

X 

* 

X 

* 

* 

* 

* 

■* 

-X 

-X  X 

X 

X 

X 

X  * 

* 

■X 

* 

-X 

-X 

■x 

-X 

-X 

X  X 

X 

X 

X 

X 

r*  o 

VD  O 

vd  r- 

CO 

r" 

CO 

m 

O' 

CN 

» — l 

at  cn 

VD 

Ot 

r- 

ao 

vD  O* 

O’  rH 

o  CO 

O 

ro 

at 

at 

rH 

CO 

(N 

» — l 

rH  in 

ro 

ao 

CO 

rH 

o  r-* 

r-  co 

iD  co 

O 

ao 

vD 

at 

in 

rH 

r- 

• — ! 

o  o 

O 

CN 

CN 

CO 

CN  vD 

co  in 

rH  r- 

CO 

O' 

i — i 

rH 

O 

rH 

i — 

O 

o  o 

ao 

co 

r- 

CO 

o  o 

o  o 

o  o 

in 

o 

O 

O 

o 

rH 

r—i 

o  o 

o 

rH 

o 

o 

rH 

44  44 

P  44 

44  41 

41 

41 

41 

41 

44 

41 

41 

41 

41  41 

p 

44 

41 

41 

GO  rH 

CO  CN 

rH 

O' 

cn 

in 

at 

ro 

in 

r-i 

CO  VD 

rH 

m 

CO 

CO 

O  rH 

o  r-~ 

CO  i — 1 

vD 

CN 

r-~ 

in 

CN 

ro 

r- 

vD 

CO  vD 

r* 

CD 

UO 

o 

m  co 

co  O 

r- 

O 

ro 

o 

in 

CN 

O' 

at 

CN  CN 

o 

in 

in 

rH 

ID  rH 

r-  co 

co 

CN 

f" 

r~- 

r-* 

o 

ro 

o 

p' 

O  O 

CN 

o 

at 

r- 

o  m 

vD  co 

O  CN 

CN 

O 

o 

O' 

rH 

O 

vd 

CO 

O  O 

O' 

rH 

co 

o 

rH  CN 

CO 

rH 

CN 

rH 

1 — t 

1 

O 

in 

<0 

p 

•H 

c 

04 

nj 

W 

0) 

<1) 

cu 

P 

•r 

•*H 

CD 

a, 

p 

Q) 

CU 

04 

m 

U) 

03 

u 

U 

P 

a> 

5? 

P 

UJ 

0) 

0^ 

04 

JC 

p 

iH 

at 

£ 

a> 

Q) 

w 

w 

•H 

P 

-.-i 

rH 

r* 

T3 

T3 

O 

c 

73 

rH 

•H 

O 

<D 

o 

ffl 

G 

q 

p 

•H 

04 

0) 

CD 

r-4 

o 

c3 

xz 

p 

0) 

U) 

W 

rH 

.c 

TO 

o« 

tn 

a 

p 

C3 

w 

■H 

p 

p 

v*- 

P 

G 

P 

<u 

U4 

O 

1 

0) 

o 

O 

c 

0 

p 

a 

p 

0 

.G 

Ot 

XZ 

a 

04 

1 

G 

p 

P 

p 

P 

p 

rH 

P 

Q 

O 

a 

i 

TJ 

p 

Q 

(13 

73 

c 

,Q 

at 

o 

rH 

C3 

0) 

C 

<U 

•H 

o 

a 

r» 

c 

G) 

rH 

3 

3 

a) 

o 

*H 

u 

o 

Em 

K 

a* 

ss 

xS 

us 

3: 

•H 

p 

flj 

04 

o 

p 

g 

o 

u 

o 

0) 

g 


H 

U3 

U 

V 


XZ 

u  . 

rtf  0 


a)  a> 
>  > 


u 

o  in 


P  P 
G  <3 


at 

p 

P 

G 

G 

G 

-H 

d 

a 

TJ 

o 

o 

n3 

•H 

•H 

O 

P 

P 

P 

-H 

-H 

C 

G 

P 

a* 

O' 

w 

■H 

••H 

p 

CO 

co 

•H 

X 

X 

X 

> 


89 


CP 

M 

W 

ft 

o 

< 

£-i 


w 

g 

o 


*H 

CO 

CM 

CD 

o 

04 

CO 

CN 

r^- 

< — 1 

CP 

■O4 

in 

LO 

O' 

CP 

CO 

in 

CP 

Cl 

ft 

-P 

-+- 

in 

CP 

O 

LO 

cO 

04 

CM 

OJ 

o 

CO 

o 

CO 

CO 

04 

CN 

CN 

ID 

0) 

rd 

CO 

r-" 

O 

LO 

ro 

LO 

CO 

LO 

CO 

r- 

o- 

rH 

CD 

• — 1 

CO 

CN 

CP 

O 

$H 

O 

5: 

CP 

CO 

CP 

CP 

CP 

OJ 

r- 

o 

«H 

CP 

00 

i — i 

o 

i — 1 

CN 

CO 

LO 

00 

• 

-p 

<d 

o 

\ 

*■ 

• 

rd 

£ 

p> 

H 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

G 

<i> 

CD 

1 

i 

1 

1 

1 

1 

i 

rd 

3  5 

V.  ft 


U 

■H 

ft 


C 

a) 


ft 

o 


a) 

ft 

nj 

e 

•H 

ft 

W 


rl 

G 

G 

O 

M 

4J 

V. 

o 

ft 

o 

Vl 

ft 


ft 

*H 

r — I 

-H 

ft 

G 

ft 

*r| 

M 

a) 

K 


CK) 


c\l 


rH 

U3 

in 

o 

CP 

ro 

ro 

o 

in 

CP 

in 

LO 

CP 

ro 

rH 

ro 

CP 

o 

ft 

LO 

o 

CP 

CO 

rH 

CN 

rH 

m 

r — 1 

CN 

CO 

00 

o~ 

cO 

O' 

vo 

CN 

o- 

CN 

LO 

LO 

CO 

LO 

O’ 

rH 

O 

LO 

in 

CP 

CO 

rH 

C0 

i — i 

» — 1 

o 

lO 

CP 

CO 

iH 

CP 

CO 

CM 

CO 

in 

r — 1 

CO 

O' 

ro 

ro 

LO 

LO 

ro 

i — I 

in 

« 

• 

o 

i — i 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

O 

o 

• 

1 

o 

V 

ft. 

■* 

-K 

* 

* 

ft 

CO 

O' 

CN 

CN 

CO 

CO 

CO 

ro 

<o 

CO 

O' 

ro 

LO 

O 

o 

04 

LO 

cO 

nj 

ro 

LO 

CO 

fO 

1 — 1 

CN 

cO 

o 

CN 

CN 

cO 

r- 

in 

ro 

o 

LO 

CO 

rH 

ro 

CN 

CO 

CO 

O 

LO 

CO 

O 

cO 

o 

o 

CO 

rH 

LO 

ro 

CO 

o- 

in 

o 

o 

O 

LO 

"sT 

r- 

CN 

rH 

o 

o 

CO 

LO 

o 

o 

CP 

CN 

LO 

N* 

CN 

M 

* 

* 

• 

• 

0 

CN 

iH 

rH 

»H 

o 

o 

o 

o 

o 

CN 

rH 

1 — 1 

o 

•H 

o 

«H 

CP 

rH 

o 

H 

N 

I  I 


4-» 

l 

as 

ft. 

+> 

+ 

1 

* 

-J— 

-* 

+- 

o 

4-> 

<D 

co 

CN 

m 

in 

< — t 

CP 

CO 

LO 

rH 

CO 

o 

CN 

o 

ro 

<P 

<p 

o 

CP 

in 

w 

o 

in 

CP 

«H 

ro 

ro 

1 — 1 

O' 

O' 

i — i 

ro 

T'' 

(p 

o 

CO 

CP 

CN 

rO 

\ 

\ 

rH 

ro 

CN 

LO 

•^r 

rH 

CO 

CO 

O' 

o 

CN 

O' 

ro 

CN 

o 

CP 

r — 1 

G 

rH 

tH 

ro 

o 

CD 

CP 

04 

O 

rH 

ro 

CN 

O 

LO 

O' 

CN 

LO 

O 

O 

CD 

o 

rH 

IN 

IN 

CN 

1 — i 

rl 

r-l 

o 

CO 

i — 1 

o 

rH 

CN 

o 

o 

O 

O 

—1 

o 

rH 

o 

o 

<D 

rH 

ft 

ft 

i 

1 

01 

rd 

ft 

ft 

•H 

X3 

TJ 

1 

v"l 

rd 

CN 

ft 

* 

-* 

* 

CD 

r— % 

VO 

cO 

o 

CO 

ro 

CP 

CP 

ro 

CP 

LO 

• — 1 

CN 

LO 

CO 

CN 

CN 

*H 

s 

rH 

rH 

r- 

CO 

ro 

o 

LO 

CO 

CN 

M3 

rH 

CO 

o 

CO 

O' 

rH 

ro 

i — 1 

0^ 

i — 1 

O 

ft 

iH 

ro 

r — i 

ro 

ro 

CO 

O' 

O 

CO 

CP 

in 

o 

CN 

CN 

CN 

CO 

CP 

CO 

U1 

u 

CN 

CN 

CN 

CN 

CN 

i — i 

rH 

rH 

CO 

1 — 1 

in 

rH 

rH 

LO 

CN 

rH 

o 

CN 

Vi 

'4H 

"H 

O 

o 

o 

O 

o 

o 

O 

O 

O 

o 

o 

O 

o 

O 

o 

o 

o 

o 

O 

o 

CD 

01 

ft 

1 

i 

i  1 

P 

p — j 

w 

0 

ft 

o 

o 

CO 

-p 

rd 

\ 

* 

* 

* 

* 

* 

p 

*-1 

rH 

CO 

(P 

CP 

VO 

CP 

CO 

LO 

m 

LO 

o 

CN 

O 

CN 

LO 

in 

cd 

1 — 1 

o 

m 

LO 

r- 

VO 

1 — 1 

CP 

CO 

CO 

CN 

cO 

LO 

CO 

Ol 

in 

ro 

CP 

O 

CP 

u 

ft 

to 

o 

ro 

CN 

CM 

VO 

O' 

o 

LO 

LO 

CO 

CN 

CN 

• — i 

o 

O' 

01 

ro 

O' 

CD 

u 

\ 

LO 

in 

CO 

CO 

O 

CN 

CO 

i — i 

LO 

O') 

CN 

LO 

VO 

rH 

in 

04 

ft 

IN 

0) 

G 

ft 

o 

o 

o 

o 

rH 

rH 

o 

o 

o 

o 

o 

o 

O 

o’ 

o 

o 

o 

o 

o 

^H 

u 

0 

ft 

g 

Vi 

m 

3 

O 

ft 

ft 

ft 

•H 

O 

G 

ft 

a 

<d 

01 

0 

0 

rH 

ft 

ft 

ft 

v. 

-H 

*H 

o 

0 

p-. 

a. 

rd 

u 

u, 

01 

0] 

0 

0 

ft 

01 

VI 

VI 

Vl 

ft 

0) 

<D 

ft 

0 

tP 

U ) 

0 

ft 

ft 

ft 

nd 

u 

rH 

CP 

G 

G 

0 

0 

01 

01 

ft 

3 

•H 

rH 

ft 

no 

nd 

0 

G 

X) 

CP 

rH 

*H 

0) 

0 

s 

rd 

tP 

rd 

G 

G 

ft 

•H 

a. 

a' 

0 

i — i 

£ 

0 

*H 

rd 

ft 

-p 

01 

01 

0) 

t — i 

ft 

ft 

nd 

ft 

CP 

<D 

TS 

H 

1 

G 

10 

•H 

ft 

ft 

4H 

IH 

G 

Vi 

rd 

<D 

ft 

CD 

1 

CD 

0 

o 

o 

o 

u 

0 

0 

4- 

o 

ft 

tp 

ft 

CD 

ft 

Vl 

U 

1 

G 

G 

Vi 

ft 

ft 

ft 

rd 

ft 

rH 

*H 

ft 

0 

0 

CD 

f 

X) 

ft 

0 

rd 

G 

-9 

rQ 

o 

tn 

O 

rH 

0) 

rd 

w 

G 

G 

G 

B 

£ 

o 

0 

Vl 

ft 

G 

-H 

Q) 

rH 

3 

3 

CD 

o 

•H 

o 

O 

Jxi 

k 

0. 

2 

2 

2 

s 

rH 

>* 

ft 

fi 

o 


<0 
ft  ft 
v-i  ft 
G  ft 


A 


4J  . 

a 

3  LO 

o  o 

ft  • 

ft  o 

*H 

C 

CP 
ft  P4 

w  — 


ft 

G 

G 

o 

ft 

ft 

ft 

G 

tT> 

ft 

U) 

I 

G 

O 

G 


<D 

ft 

ft 


O  (<, 


G 

O 

ft 

ft 

G 


ft 

G 

G 

O 

-H 

ft 

ft 

G 

Cr> 

•«H 

ca 


ft 

G 

a) 

G 

o 

o 


VJ 

G 

G 

,Q 


G 

0 

G 

O 

& 

o 

u 


, 

■ 

90 


In  regard  to  the  testing  of  the  assumptions  underlying  the 
analysis,  significant  c's  for  plant  height  at  each  of  the  two  locations 
indicate  that  there  are  reciprocal  differences  for  this  character.  The 
results  of  a  test  of  other  assumptions ,  by  the  analysis  of  variance  of 
^ v  ferences  are  given  in  Table  36.  Except  for  plant  height  at 
Parkland  and  number  of  tillers  per  plant  at  Ellers lie,  the  dif¬ 

ferences  were  homogeneous  and  therefore  these  other  assumptions  were 
generally  not  invalidated  by  the  data.  Two  exceptions  (for  plant  height 
and  number  of  tillers  per  plant)  will  be  considered  later. 

Estimates  of  second  degree  statistics  and  components  of 
genetic  variation  derived  from  the  analysis  of  F^  diallel  table  after 
replacement  of  of f-the-diagonal  cells  with  their  corresponding  common 
means,  are  given  in  Tables  37  and  38.  In  Table  38,  component  signi¬ 
ficances  are  tested  with  25  D.F.  (35  statistics  provided  by  Table  37, 
with  10  constants  fitted  to  them) .  Proportional  values  of  the  genetic 
parameters  calculated  from  Table  38  are  given  in  Table  39,  which  shows 
the  over-all  genetic  situation  with  regard  to  the  inheritance  of  each 
character.  The  results  of  Tables  38  and  39  together  with  W ’  graphs 
and  standardized  deviation  graphs  of  Y  and  (W  -hV  )  are  discussed  under 
each  character . 

All  components  of  variation  for  onset~of -heading  (Table  38) 
except  F  and  E  at  Parkland  were  significant.  The  mean  degree  of  dominance 
(0.55  at  Ellerslie  and  0.75  at  Parkland)  indicates  that  the  character  is 
partially  dominant  at  both  locations .  This  is  also  shown  by  the  regression 
line  in  the  W^V  graph  (Figure  21)  which  intersects  the  limiting  parabola 
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above  the  origin.  The  proportion  of  positive  to  negative  alleles  in  the 
parents  at  loci  exhibiting  dominance  is  approximately  0.25,  indicating 
equal  proportions  at  both  locations .  The  proportion  of  dominant  to 
recessive  genes  in  the  parents  is  2.3  and  1.03  for  Ellerslie  and  Parkland, 
suggesting  a  preponderance  of  dominant  genes  in  the  parents.  Figure  21 
shows  that  Marquis  is  the  highly  recessive  parent  at  both  locations, 
as  it  lies  farthest  from  the  point  of  origin  of  the  regression  line. 

Ciano  at  Ellerslie  and  Inia  at  Parkland  rank  as  the  two  most 
dominant  parents  because  of  their  nearness  to  the  point  of  origin  of  the 
regression  line.  The  coefficient  of  correlation  between  parental  order 
of  dominance  and  parental  measurements  is  0.96  at  Ellerslie  and  0.87  at 
Parkland  suggesting  that  most  of  the  negative  genes  (for  early  maturing) 
are  dominant.  The  distribution  of  parents  with  respect  to  order  of 
dominance  is  shown  in  standardized  deviation  graph  of  Figure  22.  Marquis 
and  Chinook  at  both  locations  fall  into  the  (+,+)  quadrant  indicating 
that  they  contain  mostly  recessive  genes  responsible  for  lateness  while 
Knusn-hal,  Ciano  and  Inia  fall  into  the  (-,-)  quadrant  and  are  therefore 
early  heading  dominant  parents.  The  number  of  groups  of  genes  controlling 
onset-of -heading  has  been  estimated  as  2.03  for  Ellerslie  and  1.52  for 
Parkland  indicating  that  at  least  two  groups  of  genes  exhibiting  dominance 
control  the  onset-of -heading .  The  heritability  estimates  of  107.51%  and 
62.06%  show  that  the  character  is  highly  heritable  but  with  low  stability 
under  different  environments. 

The  results  of  the  analysis  for  final  heading  (Tables  38,  39; 
Figures  23,  24)  and  heading-span  (Tables  38,  39;  Figures  25,  26)  are  subject 
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to  the  same  kind  of  interpretations  as  for  onset-of-heading . 

For  plant  height,  the  components  of  variation,  D 3  H ^3  H ? 
and  E  were  significant  for  Ellerslie  but  none  except  D  were  significant 
at  Parkland.  Heterogeneity  of  f/  -7  values  (Table  36)  implies  either 
non-allelic  interaction,  multiple  allelisra  or  correlated  gene  distri¬ 
bution.  In  the  case  of  correlated  gene  distribution,  the  W  . V  curve 

Y>  Y> 

is  convex  upwards  and  the  mean  degree  of  dominance  is  seriously  inflated, 
giving  an  impression  of  apparent  over-dominance  (Hayman,  1954b)  in  a 
situation  where,  in  fact,  partial  dominance  exists.  In  the  case  of 
multiple  allelism,  the  effects  are  extremely  complicated.  Models  to 


explain  the  consequences  in  terms  of  VI ^ 3  V ^  graphs,  are  pending.  It 

might  show  spurious  dominance  (Hayman,  1954b)  by  scattering  the  W^V 

points  and  thus  causing  their  mean  ^ jL2J^  0102^  to  lie  insids'  anci  not 

on  the  limiting  parabola.  Non-allelic  interaction  of  the  complementary 

1/2 

type  distorts  the  [W^3  V^)  graph,  inflates  the  (H  ^  -?  D)  '  and  depresses 
2 

( h  /H 2^  '  kut  •'las  verY  little  effect  on  the  estimator  of  gene  frequency. 

2 

A  duplicate  type  of  interaction  depresses  (h  by  increasing  the  pro- 

1/2 

portion  of  dominants,  but  does  not  alter  (H ^  -f  D)  ,  H 4H  and  the 

W  3 V  graph . 

Y/  y? 


Considering  the  various  effects  of  the  three  above-mentioned 
conditions,  and  examining  the  graph  for  plant  height  at  Parkland 

(Figure  27)  we  come  to  the  conclusion  that  there  is  actually  no  non¬ 
validity  of  any  of  the  above-mentioned  hypotheses .  This  is  because  the 
regression  of  upon  V '  is  not  significantly  different  from  one,  the 
array  VI ^ 3 V '  intercepts  do  not  show  any  convexity  upwards  or  downwards 
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and  there  are  no  serious  effects  on  the  estimates  of  genetic  parameters 
(Table  39) .  Our  conclusion  is  supported  by  the  fact  that  all  the  esti¬ 
mates  of  genetic  components  of  variation  at  Parkland  except  D  are  non¬ 
significant  (Table  38) .  The  only  reason  we  might  give  for  the  hetero¬ 
geneity  of  W  -V  over  the  arrays  is  a  strong  environmental  effect. 

At  Ellerslie,  plant  height  is  inherited  as  a  partially 
dominant  trait  since  the  mean  degree  of  dominance  is  0.27  (See  also 
Figure  27) .  The  proportion  of  positive  to  negative  alleles  at  loci 
exhibiting  dominance  is  0.18  indicating  asymmetry,  while  the  proportion 
of  dominant  to  recessive  genes  in  the  parents  is  1.2  (close  to  equality). 
The  coefficient  of  correlation  between  the  parental  order  of  dominance 
and  parental  measurements  is  0.75  at  Ellerslie  and  0.08  at  Parkland, 
indicating  that  the  genes  contributing  towards  shortness  are  mostly 
dominant.  With  respect  to  parental  order  of  dominance  (Figure  27  and  28) 
Marquis  rates  as  the  highly  recessive  parent  for  tallness  at  Ellerslie 
and  Khush-hal  likewise  at  Parkland.  Ciano  ranks  as  the  most  dominant 
parent  for  shortness  at  Ellerslie  and  similarly  Inia  at  Parkland.  Exa¬ 
mination  of  Figure  28  reveals  that  though  Marquis  and  Khush-hal  rank  as 
the  highly  recessive  parents,  Khush-hal  nevertheless  contributes  towards 
reduced  expression  of  the  character  (-,+  quadrant)  as  compared  to  Marquis 
(+,+  quadrant) .  Ciano  and  Inia  rank  as  the  most  dominant  parents  for 
shortness  because  of  their  position  in  the  (-,-)  quadrant.  Chinook, 
contributing  towards  tallness ,  has  recessive  and  dominant  genes  in  equal 
proportions.  The  character  has  high  heritability  (94.43%  at  Ellerslie 
and  81.20%  at  Parkland)  and  thus  seems  to  be  little  affected  by  environ¬ 


mental  conditions , 


1 


. 


P 

QJ 

98 

| 

CN 

CO 

to 

Cd 

Cm 

p 

P 

a 

04 

P 

6 

0) 

0) 

£1 

0 

0 

o 

u 

04 

4-1 

p 

p 

p 

td 

4m 

CU 

QJ 

P 

i — i 

P 

p 

Cr> 

iP 

P 

P 

p 

cd 

*H 

-H 

fd 

cd 

O 

+ 

i — i 

i — , 

»■ — 1 

•H 

O. 

k  C,  (D 

k  is 

P 

^  -P 

03 

td 

P 

1 — 1 

Cd 

•H 

1 — 1 

CD 

4-  co 

4 

td 

> 

a 

• 

P 

iH 

OJ 

■rd 

P 

KCi  (D 

03 

fd 

to 

<U 

tS:  i — 1 

P 

td 

p 

CO 

*— ■  i— 1 

i — i 

td 

03 

<u 

W 

(P 

p 

i — » 

rH 

1 — 1 

1 

fd 

IP 

rH 

cu 

SP  P 

& 

P 

0} 

Nh 

•H 

1 — 1 

Ch  td 

td 

£d 

> — • 

P 

1 — 1 

fd 

td 

II 

II 

P 

4-1 

4m 

-rH 

CO 

0 

O 

T! 

o 

< 

o 

m 

QJ 

P 

P 

tr< 

'rH 

Cm 


P 

Cd 

rcJ 


Q* 


P 

QJ 

QJ 

*P 

03 

04 

i — 1 

0 

CO 

td 

CO 

p 

rH 

p 

OJ 

M 

QJ 

H 

P 

1 - 1 

i — 1 

td 

1 - 1 

w 

Pc 

•rH 

P 

p 

p 

fd 

td 

4M 

0 

CO 

CO 

p 

P 

p 

Oc 

04 

CL) 

OJ 

QJ 

Q 

o 

O 

g 

9 

p 

P 

P 

P 

0) 

QJ 

P 

0 

p 

P 

CO 

0 

cd 

P 

■H 

0 

1 — 1 

4M 

QJ 

5P 

£4 

rH 

rH 

04 

td 

»> 

<1 

td 

"H 

^  Sh 

^  £4 

P 

03 

Co 

CN 

II 

II 

^  Sh 

Cm 

g 

0 

0 

<3 

•t 

1 

9 

<T> 

CN 

0) 

P 

P 

C7> 

•H 

Cm 


(-'+)  (+,+) 

Low,  Recessive  High,  Recessive 


99 


0) 

.Q  CN 


& 

3 

CD 

(0 

a, 

a 

S 

-P 

4-> 

td 

0 

fa 

fa 

P 

p 

P 

CD 

CD 

tn 

o 

CM 

O 

O 

4-) 

P 

P 

d 

CD 

CD 

CD 

o 

r—t 

M 

4-> 

P 

-H 

^  P. 

•H 

a 

3 

p 

fa 

fa 

•H 

•H 

cd 

CD 

■H 

+ 

r—t 

, — , 

> 

p 

P  CD 

& 

a) 

cd 

fa  *H 

fa 

43 

43 

fa 

iH 

d 

*— * 

4-  CD 

+ 

c3 

43 

id 

• 

P 

i — i 

CD 

43 

p 

4-> 

Sn  CD 

^  P 

3*: 

N 

3 

0 

CD 

i — i 

P 

•H 

td 

i — i 

CD 

t— ■  i — i 

i - 1 

cd 

43 

0) 

fa 

fa 

54 

i — i 

1 — 1 

cd 

iN 

•rl 

CD 

P  4-> 

In 

P 

43 

>4 

fa 

i — 1 

fa  td 

fa 

td 

d 

*— J 

cd 

r— 1 

td 

td 

II 

l| 

4-> 

CM 

CM 

•H 

CO 

O 

0 

43 

0 

<1 

• 

CN 

O') 

CD 

54 

P 

tr> 

•H 

fa 

-H 

43 

cd 

i — 1 

d 

p 

CD 

td 

CD 

P 

i — i 

i — I 

CD 

CD 

H 

P 

i — l 

td 

•H 

• 

fa 

fa 

fa 

P 

CD 

CD 

P 

P 

CD 

td 

cd 

44 

0 

H 

CD 

CD 

CD 

P 

P 

P 

H 

fa 

fa 

CD 

r4 

<D 

0 

o 

cd 

O 

O 

g 

■H 

54 

54 

p 

43 

CD 

CD 

d 

P 

P 

CN 

d 

d 

P 

fa 

*H 

•H 

O 

44 

fi 

p 

^  P 

0 

fa 

fa 

-d 

P 

fa 

44 

•» 

n 

td 

^  P 

P 

P 

CD 

^  ■ 

fa 

X 

•H 

II 

II 

.  P 

fa 

fa 

CD 

0 

<3 

o  54  I 

o  i 


m 

cd 

p 

& 

fa 


3 


1 

<wr+vr) 


100 


•p* 

m 

<D 

P 

P 

tn 

•H 

cn 


to 

fa 

fa 

QJ 

O 

P 

<D 

fa 

P 

*H 


,  fa  <D 
fa-  -rH 


~P 


to 
p 
fa  <1) 


W 

fa  -P 
fa  P 

II 

o 


to 

fa 

fa 

(U 

u 

p 

<D 

-p 

p 

•H 


fa  XI 

p 

-+•  p 

rH 

.fa  ^ 

^  p 

p 

fa 

*> 

.  fa  -P 
fa  P 


II 

< 


3? 


0) 


fa 

*H 

fa 

to 

CD 

“H 

p 

t— 1 

P 

<D 

to 

P 

fa 

P 

i — 1 

<u 

fa 

to 

rH 

P 

r — 1 

P 

a) 

fa 

fa 

(D 

to 

fa 

fa 

P 

P 

m 

0 

to 

to 

fa 

fa 

p 

fa 

fa 

(D 

<u 

0) 

Q 

o 

o 

g 

• 

p 

p 

p 

fa 

(!) 

CD 

P 

0) 

fa 

fa 

CO 

P 

P 

P 

■H 

•H 

0 

1 — 1 

fa 

a) 

fa 

„  Sh 

i — i 

fa 

fa 

fa 

i — i 

fa 

P 

n 

«* 

p 

■H 

^  fa 

p 

x3 

tS£ 

&> 

CN 

II 

II 

^  fa 

fa 

fa 

O 

< 

£ 

«* 

0 

1  . 

• 

ro 

ro 

<u 

p 

p 

tn 

•H 

fa 


5 


(-,  +  )  1  (+>■*•) 

Low,  Recessive  O  High,  Recessive 


-> 


<->P 


cm 

I 


P 

.a 

to 

•H 


p 

0) 

to 

I — I 

a) 

i — t 
i — t 

td 

•rl 


p 

(Id 

p 

CO 

CO 

ft 

& 

p 

P 

-f 

fd 

CP 

ft 

ft 

p 

p 

Pm 

<u 

a) 

v>0 

to 

o 

u 

o 

Mm 

E 

p 

p 

a 

0 

<0 

a) 

O 

o 

1 — 1 

P 

p 

p 

C 

r— 

*H 

,  is 

P 

d 

P 

§ 

p 

•H 

*H 

v><  +  O 

fd 

0) 

P 

t _ t 

( _ ( 

o 

> 

•H 

^  st 

ad 

^  SL, 

X 

0) 

ft 

•H 

O 

P 

a) 

1 - 1 

P 

1 — • 

+ 

CO 

+ 

c?< 

P 

P 

0) 

no 

a) 

a) 

ft 

f<> 

N 

P 

ft 

i — 1 

ps: 

•H 

rd 

1 — » 

i — 1 

i — i 

c 

p 

CO 

w 

mQ 

0 

T 

p 

l - 1 

P 

o 

o 

<d 

aj 

is 

p 

ft 

I  0 

P 

tH 

<u 

ip 

td 

r  q 

P 

< - • 

CO 

~  >' 

fd 

II 

II 

o 

P 

MM 

Mm 

— i 

cs 

1 

co 

0 

0 

0 

<1 

VO 

CO 


a) 

P 

3 

to 

*P 

Pm 


101 


<N  tO 
o  c'i 
CM  tO 
r~i  K) 

o  o 


+1  -H 


<U 

•H 

p 

i — I 

a 

CO 

td 

p 

r— 1 

a) 

P 

CO 

rp 

P 

P 

H 

<d 

<U 

• 

P3 

ft 

<u 

P 

to 

(D 

P 

p 

CO 

fd 

fd 

p 

o 

i — i 

to 

CO 

aj 

P 

P 

p 

r — 1 

ft 

ft 

p 

( — 1 

a) 

0) 

to 

fd 

o 

u 

■rM 

p 

P 

Q) 

P 

a) 

< V 

£ 

+J 

p 

CN 

£ 

a 

P 

Pm 

•H 

*H 

O 

P 

E 

ft 

^  ft 

O 

ft. 

ft. 

P 

P 

ft 

P 

•1 

td 

^  ft 

P 

<D 

to 

P 

-H 

If 

II 

^  ft 

ft 

CO 

0 

< 

LO 

n 

CD 

U 

P 

Cn 

•H 

Pm 


at  Parkland 


(  '■*■)  (4-»  +  ) 

Low,  Recessive  High,  Recessive 


102 


+ 

$ 


<D 

£ 

CD 

M 


O 

o 


x: 

o 

cn 

cn 

CN 

ft 

1 — 1 

• 

ft 

ft 

+ 

as 

ft 

ft 

ft 

CD 

<d 

a) 

ft 

0 

(0 

a 

o 

ft 

jh 

u 

2 

H 

CD 

CD 

0 

r~o 

CD 

ft 

ft 

T 

K  Ss 

i — 1 

a 

£ 

-p 

ft 

•H 

-H 

d 

d 

ft 

ft 

i — ■ 

, — , 

> 

>d 

?h  CD 

CD 

.  ?s 

-H 

'd 

o 

OJ 

i — 1 

c: 

*— • 

ft 

+  cn 

+ 

d 

d! 

M 

i — l 

a) 

'd 

e 

^  ?h  a) 

Ai 

N 

a 

0 

ft 

ist 

P 

•H 

d 

p 

*— ■  ft 

i — i 

d 

r— 

"d 

ft 

ft 

ft 

1 

U 

i — i 

•» 

a! 

+j 

Ss 

ft 

*d 

ift 

Ift  d 

tft 

d 

d 

i — i 

ft 

d 

•H 

II 

II 

ft 

ft 

CD 

CN 

1 

CO 

0 

£ 

o 

<3 

CO 

00 

0) 

u 

2 

ft 

-H 

ft 


103 


Number  of  tillers  per  plant  showed  heterogeneity  of 
~  ^ v  values  (Table  36) .  Examination  of  the  V ^  graph  (Figure  29) 

and  a  review  of  the  effects  of  non-allelic  gene  interaction,  multiple 
allelism  and  correlated  gene  distribution  upon  the  analysis,  reveals 
that  none  of  these  conditions  invalidate  the  corresponding  null  hypo¬ 
theses.  Moreover,  since  at  Ellerslie  the  environmental  component  of 
variation  is  highly  significant  and  all  other  components  of  genetic 
variation  but  D  non-significant,  the  environmental  variation  is  the 
most  probable  reason  for  heterogeneity  of  -  V values.  Since  the 
ratios  (Table  39)  expressing  the  mean  degree  of  dominance,  the  propor¬ 
tion  of  alleles  with  positive  and  negative  effects  at  loci  exhibiting 
dominance,  the  proportion  of  dominant  and  recessive  genes  in  the  parents 
and  the  number  of  groups  of  genes  controlling  the  character  were  based 
on  parameters  some  of  which  v/ere  not  significant  (Table  38)  their 
interpretation  as  well  as  the  interpretation  of  the  graphs  is  of  little 
value . 

The  general  features  of  the  diallel  analysis  with  respect 
to  the  interpretation  of  the  results  from  Tables  38  and  39  for  other 
yield  components,  viz.,  number  of  spikelets  per  spike  (Figures  31,  32), 
number  of  seeds  per  spike  (Figures  33,  34) ,  weight  of  seeds  per  spike 
(Figures  35,  36)  and  1000-kernel  weight  (Figures  37,  38)  are  the  same. 
The  conclusions  drawn  therefrom  differ  with  respect  to  the  relative 
position  of  the  parents  for  their  ranking  order  of  dominance. 

For  yield  per  plant,  only  D  and  E  components  of  variation 
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were  significant  at  Ellerslie  while  D3  F  and  E  at  Parkland.  Because 
of  non-significance  of  other  components  of  variation,  the  interpre¬ 
tation  of  estimates  of  genetic  parameters  given  in  Table  39  would  be 
meaningless . 

The  V ’  and  standardized  deviation  graphs  are 

interesting  in  their  absurdity.  The  location  effect  on  yield  is 
sufficiently  drastic  so  that  the  regression  line,  though  cutting 
the  limiting  parabola  above  its  origin  (apparent  partial  dominance) 
shows  a  negative  slope.  The  latter  (at  Ellerslie)  implies  that  for 
every  increase  in. variance  of  the  rth  array,  there  is  a  proportional 
decrease  in  parent-offspring  covariance  of  that  array.  The  regression 
line,  in  tnis  case,  cuts  the  limiting  parabola  m  such  a  way  that 
the  recessive  and  dominant  W  3  V '  array  intercepts  are  difficult 
to  define.  However  Figure  39  suggests  that  Ciano  may  be  regarded 
as  the  highly  recessive  and  Chinook  the  most  dominant  parent.  At 
Parkland,  the  regression  of  upon  V  reveals  over-dominance.  Chinook 
may  be  classified  as  the  highly  recessive  and  Inia  the  most  dominant 
parents.  The  standardized  deviation  graph  of  Figure  40  reveals  that, 
except  for  Inia,  the  ranking  order  for  dominance  of  the  parents  seems 
to  be  altered  between  locations.  Marquis,  the  recessive  parent,  with 
low  yielding  capacity  at  Parkland  (-,+  quadrant)  becomes  dominant 
and  comparatively  high  yielding  at  Ellerslie  (+,-  quadrant).  Chinook, 
low  yielding  and  dominant  (-,-  quadrant)  at  Ellerslie,  becomes  reces¬ 
sive  and  high  yielding  (+,+  quadrant)  at  Parkland.  A  similar 
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situation  exists  with  Ciano.  The  coefficient  of  correlation  between 
the  parental  order  of  dominance  and  parental  measurements  is  0.19 
at  Ellerslie  and  -0.40  at  Parkland.  A  positive  but  weak  correlation 
at  Ellerslie  suggests  however,  that  genes  responsible  for  low  yielding 
are  mostly  dominant,  while  the  comparatively  high  negative  correla¬ 
tion  at  Parkland  indicates  that  the  genes  contributing  toward  in¬ 
creased  yielding  are  mostly  dominant.  The  estimates  of  heritability 
seem  to  be  questionable  because  of  the  non-significance  of  relative 
components  of  genetic  variation. 
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ANALYSIS  OF  BACKCROSS  DATA 

The  expected  mean  of  a  pair  of  reciprocal  backcrosses  is 
the  same  as  that  of  generation  of  the  cross  between  the  two  parents 
provided  the  differential  loci  are  independent  in  their  action  (Jinks, 
1956) .  Therefore,  assuming  no  non-allelic  interaction,  the  expected 
statistics  for  the  analysis  of  backcross  family  means  in  a  diallel  set 
are  the  same  as  those  for  F^  family  means. 

In  Appendix  II  there  are  eighty  backcrosses  including 
reciprocals.  A  complete  diallel  table  for  these  backcrosses  therefore 
requires  an  amalgamation  of  four  backcrosses  to  compute  the  appropriate 
means  for  each  of  the  off-diagonal  cells  in  the  diallel  matrix.  Using 
the  same  symbols  as  in  Appendix  II,  and  taking  any  two  parents,  the 
appropriate  backcross  combinations  can  be  shown  to  be  equivalent  to  the 
mean  of  the  corresponding  F^  hybrid.  Thus  the  mean  of  M(MxCH),  (MxCH)M, 
CH(MxCH)  and  (MxCH)CH  means  is  equivalent  to  the  (MxCH)F  mean,  while 
the  mean  of  M (CHxM) ,  (CHxM)M,  CH(CHxM)  and  (CHxM)CH  means  is  equivalent 
to  the  mean  of  its  reciprocal,  i.e.,  (CHxM)F  hybrid. 

Denoting  the  parents  Marquis,  Chinook,  Khush-hal ,  Ciano  and 
Inia  as  1,  2,  3,  4  and  5  the  following  two  diallel  tables  (Tables  40,  41) 
may  be  constructed,  the  one  by  keeping  the  parents  of  rows  as  recurrent 
parents  and  the  other  by  keeping  the  parents  of  columns  as  recurrent 
parents.  The  numbers  in  the  brackets  in  Table  40  and  Table  41  denote 
the  F^  hybrids  while  those  outside  the  brackets  denote  the  recurrent 
parents.  From  these  two  tables  a  complete  diallel  table  can  be  con¬ 
structed  which  will  correspond  statistically  to  the  F^  diallel  table 


' 
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TABLE  40 

Arrangement  of  backcrosses  and  reciprocals 
in  which  the  parents  of  rows  are  kept  as  recurrent  parents. 


1. 

11 

11(12) 

+ 

(12)11 

■  11(13) 

+ 

(13)11 

11(14) 

+ 

(14)11 

11(15) 

+ 

(15)11 

2. 

22(21) 

+ 

(21)22 

22 

22 (23) 

+ 

(23)22 

22  (24) 

+ 

(24) 22 

22(25) 

+ 

(25)22 

3. 

33(31) 

+ 

(31)33 

33  (32) 

+ 

(32)33 

33 

33  (34) 

+ 

(34)33 

33  (35) 

(35)33 

4. 

44(41) 

+ 

(41)44 

44  (42) 

+ 

(42)44 

44(43) 

+ 

(43)44 

44 

44(45) 

+ 

(45)44 

5. 

55(51) 

+ 

(51)55 

55(52) 

+ 

(52)55 

55(53) 

+ 

(53)55 

55(54) 

+ 

(54)55 

55 

TABLE  41 


Arrangement  of  backcrosses  and  reciprocals 
in  which  the  parents  of  columns  are  kept  as  the  recurrent  parents. 


1. 

11 

22(12)  + 

(12)22 

33(13)  + 

(13)33 

44(14)  + 

(14) 44 

55(15)  + 

(15)55 

2. 

11(21)  + 

(21)11 

22 

33(23)  + 

(23)33 

44(24)  + 

(24)44 

55(25)  + 

(25) S5 

3. 

11(31)  + 

(31)11 

22(32)  + 

(32)22 

33 

44(34)  + 

(34)44 

55  (35)  + 

(35)55 

4.  11(41)  +  (41)11  22(42)  +  (42)22  33  (43)  +  (43)33  44 

5.  11(51)  +  (51)  11  22(52)  +  (52)22  33(53)  +  (53)33  44(54)  +  (54)44 


55(45)  +  (45)55 


55 
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and  may  therefore  be  used  for  the  analysis  of  genetic  components 
of  variation  as  described  by  Jinks  (1956).  Thus,  for  example,  if  the 
entry  [11(12)  +  (12)11]  above  the  main  diagonal  in  Table  40  is  denoted 
as  x  and  the  corresponding  entry  [22(12)  +  (12)22]  in  Table  41  as  y, 
then  the  corresponding  element  of  the  diallel  table  would  be 
l/2\l/2x  +  l/2y]  =  1/4  (cc  +  y).  The  entries  in  the  remaining  cells  of 
the  diallel  table  are  obtained  in  the  same  way.  Such  a  table  may 
be  called  a  synthetic  F %  diallel  table. 

Simple  coefficients  of  correlation  between  the  characters 
on  the  basis  of  the  synthetic  complete  F ^  diallel  table  are  given  in 
Table  42.  Onset-of-heading  was  positively  correlated  with  final  heading 
plant  height,  number  of  tillers  per  plant,  number  of  spikelets  per  spike 
at  both  locations.  It  was  negatively  correlated  with  weight  of  seeds 
per  spike  at  Parkland  and  1000-kernel  weight  at  both  locations.  The 
correlations  with  heading-span  and  yield  per  plant  at  both  locations 
and  with  weight  of  seeds  per  spike  at  Ellerslie  were  not  significant. 

The  correlations  of  final  heading  and  heading-span  with  other  characters 
may  be  interpreted  in  the  same  way . 

Plant  height  was  positively  correlated  with  number  of  tillers 
per  plant,  number  of  spikelets  per  spike  at  both  locations  and  with  num¬ 
ber  of  seeds  per  spike  at  Ellerslie.  It  was  negatively  correlated  with 
weight  of  seeds  per  spike  and  1000-kernel  weight  at  both  locations.  No 
correlations  were  observed  between  plant  height  and  yield  per  plant  at 
either  location  or  with  number  of  seeds  per  spike  at  Parkland. 

Number  of  tillers  per  plant  was  positively  associated  with 
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Simple  correlation  coefficients  between  ten  characters 
from  backcross  diallel  set  at  two  locations. 
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irst  reading  under  each  column  refers  to  Ellerslie  and  second  to  Parkland. 

Significant  at  5%  level 
*Significant  at  1%  level 
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number  of  spikelets  per  spike  at  both  locations  and  with  yield  per  plant 
at  Ellerslie.  It  was  negatively  correlated  with  weight  of  seeds  per 
spike  and  1000-kernel  weight  at  Parkland.  There  was  no  correlation  with 
number  of  seeds  per  spike  at  either  location  or  with  weight  of  seeds 
per  spike  and  1000-kernel  weight  at  Ellerslie  and  yield  per  plant  at 
Parkland.  The  correlations  of  number  of  spikelets  per  spike,  number  of 
seeds  per  spike,  weight  of  seeds  per  spike  and  1000-kernel  weight  res¬ 
pectively  with  other  characters  may  be  interpreted  in  the  same  way. 

Yield  per  plant  was  positively  correlated  with  1000-kernel 
weight  and  weight  of  seeds  per  spike  at  both  locations,  with  number  of 
seeds  per  spike  and  heading-span  at  Parkland  and  with  number  of  tillers 
per  plant  at  Ellerslie.  It  was  negatively  correlated  with  heading-span 
at  Ellerslie.  Correlations  with  onset-of -heading, ■ final  heading  and 
plant  height  at  both  locations  were  not  significant. 

The  results  of  the  factor  analysis  as  the  factor  loadings 
of  the  varimax-rotated  five  factor  matrix  are  given  in  Table  43.  Ap¬ 
proximately  93%  of  the  total  variability  at  both  locations  was  explained 
by  these  factors. 

The  first  principal  factor -was  termed  lateness  because 
of  its  highest  loadings  for  onset-of-heading  and  final  heading  at  both 
locations.  This  factor  negatively  contributed  towards  weight  of  seeds 
per  spike,  1000-kernel  weight  and  yield  per  plant  at  both  locations 
thus  confirming  the  inverse  relationship  between  time  of  maturity  and 
yield  as  observed  for  F  and  F2  diallel  data.  Plant  height  at  Ellerslie 
and  number  of  tillers  per  plant  contributed  proportionately  more  towards 
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lateness  than  either  the  number  of  spikelets  per  spike  or  number  of 
seeds  per  spike  at  both  locations.  Lateness  explained  29%  and  23% 
of  the  total  variation  present  in  the  data  for  Ellerlie  and  Parkland 
respectively . 

Number  of  spikelets  per  spike,  number  of  seeds  per  spike 
and  weight  of  seeds  per  spike  could  be  grouped  into  the  second  factor 
yielding  ability  at  Ellerslie,  because  of  their  higher  contribution 
to  this  factor.  At  Parkland,  this  factor  was  termed  height  since  it 
carried  maximum  loading  for  that  character.  Both  the  factors  explained 
19%  and  23%  variability  in  the  data  at  respective  locations.  At 
Ellerslie,  other  yield  components  such  as  number  of  tillers  per  plant 
and  1000-kernel  weight  negatively  contributed  towards  yielding  ability 
confirming  the  results  of  Table  42.  At  Parkland,  onset-of-heading , 
final  heading  and  number  of  spikelets  per  spike  had  proportionately 
higher  contributions  towards  height  while  weight  of  seeds  per  spike 
and  1000-kernel  weight  turned  out  to  be  the  negative  contributors 
to  this  factor. 

Yield  at  Ellerslie  and  seeds  pev  spike  at  Parkland  were 
classified  as  the  third  principal  factor  which  explained  16%  and  19% 
of  the  total  variability  for  respective  locations.  At  Ellerslie,  only 
number  of  tillers  per  plant  contributed  appreciably  towards  yield, 
otherwise  the  contributions  of  number  of  spikelets  per  spike,  number 
of  seeds  per  spike,  weight  of  seeds  per  spike  and  1000-kernel  weight 
were  comparatively  low.  The  factor  lateness  also  made  a  very  poor 
contribution  towards  yield.  At  Parkland,  number  of  spikelets  per  spike 
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and  weight  of  seeds  per  spike  were  the  major  contributors  towards 
seeds  per  spike.  Plant  height  and  1000-kernel  weight  were  negatively 
affected  by  this  factor. 

The  term  tow  yield  was  selected  for  the  fourth  factor 
at  Ellerslie  because  of  the  negative  loadings  for  number  of  seeds  per 
spike,  weight  of  seeds  per  spike,  1000-kernel  weight,  yield  per  plant 
and  the  fact  that  the  lowest  positive  value  was  found  for  number  of 
tillers  per  plant.  At  Parkland  the  alternative  fourth  principal  factor 
was  chosen  as  high  yield  as  it  carried  the  highest  loading  for  yield 
per  plant  and  positive  loadings  for  1000-kernel  weight,  weight  of  seeds 
per  spike,  number  of  seeds  per  spike,  number  of  spikelets  per  spike 
and  number  of  tillers  per  plant.  On set- of -heading  and  final  heading 
contributed  positively  toward  low  yield  but  negatively  toward  high 
yield.  Plant  height  revealed  an  inverse  relationship  with  respect  to 
its  contribution  towards  the  yield  factor  at  both  locations . 

The  fifth  principal  factor,  classified  as  heading  period, 
explained  13%  of  the  total  variation  at  both  locations.  It  carried 
maximum  loadings  for  heading-span  at  both  locations .  The  contribution  ? 
of  yield  and  its  components,  viz.,  number  of  spikelets  per  spike,  number 
of  seeds  per  spike,  weight  of  seeds  per  spike  and  1000-kernel  weight 
towards  heading  period  was  either  very  low  or  negative  at  both  locations, 
indicating  an  inverse  relationship  of  yield  with  heading  period. 

The  negative  contribution  of  initial  heading  towards  this  factor  indi¬ 
cates  that  earlier  heading  entries  take  a  longer  period  to  complete 
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Estimates  of  general  combining  ability  of  five  parental  lines 
used  in  backcrcss  diallelset  for  ten  characters  at  two  locations 


115 


Cl 

LD 

CO 

co 

p 

o 

03 

01 

CO 

o 

CN 

nt 

LO 

CN 

»H 

CO 

o 

o 

CO 

Ol 

Cl 

LO 

CO 

CO 

co 

LO 

01 

O 

i — i 

nt 

p 

o 

O 

CN 

p 

CO 

01 

N? 

< — 1 

fd 

CD 

p 

co 

ON 

LO 

CN 

p 

01 

CN 

Ol 

• — i 

o 

p 

p 

CO 

LO 

L0 

CO 

•H 

CN 

CO 

ci 

LO 

LO 

iH 

CN 

O 

o 

i — i 

o 

LO 

rH 

rH 

o 

rH 

p 

Ol 

CN 

M 

i — 1 

o 

i — i 

rH 

o 

o 

O 

(Tv 

rH 

1 — 1 

o 

o 

rH 

i — 1 

O 

o 

CN 

o 

o 

O 

i 

1 

i 

i 

1 

1 

rH 

1 

1 

i 

1 

i 

i 

03 

o 

o 

co 

p 

CO 

rH 

rH 

lO 

o 

< — i 

o 

in 

L0 

(TV 

o 

CO 

rH 

o 

0 

LO 

LO 

o 

co 

03 

rH 

p 

p 

L0 

CO 

rH 

CN 

CD 

Ol 

o 

o 

CD 

N? 

L0 

03 

g 

p 

CO 

LO 

o 

o 

rr 

LO 

CO 

LO 

i — 1 

o 

Cl 

CN 

CO 

co 

LO 

N34 

N- 

o 

<d 

LO 

CD 

Cs i 

co 

CN 

03 

p 

CN 

LO 

in 

LO 

rH 

o 

o 

N’ 

03 

O 

•n 

u 

1 — l 

I 

CN 

1 

*H 

l 

CN 

1 

o 

o 

LO 

i 

P 

1 

O 

1 

o 

1 

o 

1 

O 

1 

CN 

1 

CN 

1 

o 

1 

O 

1 

rH 

rH 

o 

o 

i 

rH 

rcJ 

L0 

o 

L0 

o 

p 

o 

o 

L0 

(Tv 

CN 

o 

LO 

p 

CN 

p 

LO 

LO 

H 

LO 

,G 

i — 1 

LO 

LO 

lO 

rH 

o 

o 

p 

LO 

o 

CO 

LO 

Cl 

o 

CN 

p 

L0 

CO 

o 

co 

1 

03 

03 

rH 

h4 

Cl 

LO 

p 

Cl 

p 

p 

CO 

CN 

1 — 1 

rH 

CN 

LO 

rH 

rH 

CO 

rH 

X 

<H 

o 

o 

CO 

o 

03 

LO 

o 

CN 

o 

Nj1 

co 

rH 

LO 

O 

o 

CO 

01 

LO 

o 

3 

O 

1 

O 

1 

o 

I 

o 

i 

o 

o 

1 

p 

I 

co 

I 

O 

o 

O 

1 

O 

i — 1 

I 

o 

O 

1 

o 

o 

o 

o 

1 

o 

I 

Ai 

o 

LO 

p 

o 

p 

o 

CN 

o 

rH 

CN] 

Cl 

co 

o 

LO 

LO 

co 

o 

01 

p 

p 

o 

o 

VO 

o 

LO 

LO 

03 

LO 

01 

CO 

CN 

P' 

LO 

L0 

CO 

rH 

L0 

p 

p 

p 

0 

L0 

co 

L0 

co 

rH 

p 

CO 

CO 

P 

Cl 

LO 

co 

L0 

Cl 

rH 

CO 

Cl 

03 

o 

ro 

g 

rH 

i — i 

p 

Ol 

CN 

L0 

NT 

CN 

cn 

CO 

CN 

rH 

o 

CN 

p 

p 

CN 

*H 

rH  rH 

rH  CN 

O  O 

01  o 

‘0 

■0 

o  o 

rH  rH 

o  o 

H  O 

o  o 

U 

iH 

i  i 

1  1 

1  1 

1 

01 

o  o 

CO  P 

P  P 

lo  in 

LO  rH 

LO  CN 

LO  CN 

Cl  CN 

g*  m 

O  rH 

•H 

L0  LO 

C3  LO 

LO  rH 

Nj4  01 

CN  n? 

03  rH 

03  ON 

in 

rH  NT 

P  03 

3 

ro  lO 

C3  Cl 

ID  ^ 

ro  G1 

O  CO 

O  03 

CO 

O  03 

03  ^ 

in  co 

O' 

CO  Cl 

CO  03 

^  o 

CN  CO 

03  O 

C0  ID 

LO  O 

o  o 

LO  03 

O  N14 

CN  rH 

o  o 

N1  H4 

O  rH 

o  o 

03  CN 

o  o 

CN  CN 

o  o 

s 

1 

rH  i — 1 

1  I 

i  i 

1 

<D 

,y 

+) 

■H 

G 

a 

rd 

CO 

0) 

(!) 

rH 

X 

a 

SH 

-H 

•H 

0 

a 

in 

a 

01 

01 

a) 

a 

CO 

Vi 

Jh 

•V> 

0) 

0 

+> 

U) 

0 

a 

a 

X 

tJl 

u 

rH 

0i 

£ 

0) 

0 

01 

01 

•H 

-p 

1 — 1 

rd 

T3 

a) 

G 

Tt 

tJi 

1 — 1 

•H 

0 

(!) 

S 

0 

cd 

G 

G 

-U 

•H 

a 

0 

0 

1 — i 

0 

-H 

rd 

,G 

+1 

m 

01 

0 

rH 

a 

x: 

T5 

a 

0i 

<0 

l 

0 

01 

*H 

4H 

U-4 

L4H 

H 

G 

M 

<0 

MH 

0 

! 

a) 

0 

o 

o 

0 

p 

0 

■M 

o 

Xi 

CP 

X 

Q) 

a 

O 

i 

G 

Vl 

u 

VI 

•p 

-y 

rd 

+j 

*H 

*«H 

+j 

0 

0 

0 

1 

t3 

n 

(1) 

ns 

G 

& 

O 

,Q 

01 

o 

rH 

rd 

01 

C 

(d 

rd 

S 

•H 

o 

(U 

jZ 

c 

a) 

rH 

3 

G 

Cj 

0 

o 

*H 

c_> 

o 

a 

w 

CV 

2 

2 

2 

2 

rH 

X 

First  reading  under  each  column  refers  to  Ellerslie  and  second  to  Parkland. 


« 

116 


their  maturity.  This  kind  of  relationship  was  found  to  be  in  contra¬ 
diction  with  the  results  obtained  for  F  and  F2  diallels. 

Combining  ability  analysis 

The  general  combining  ability  values  of  the  parental  lines 
used  in  the  backcross  diallel  are  given  in  Table  44.  At  both  locations. 
Marquis  ranked  first  in  GCA  for  onset-of -heading  and  Ciano  the  lowest, 
and  therefore  these  parents  were  regarded  as  being  late  and  early 
maturing  respectively.  Similar  interpretations  may  be  given  for  final 
heading  and  heading-span.  For  plant  height.  Marquis  and  Inia  at  both 
locations  ranked  highest  and  lowest  respectively,  while  for  tiller 
number  Chinook  at  Ellerslie  and  Marquis  at  Parkland  scored  highest. 

At  both  locations.  Marquis  and  Ciano  possessed  the  highest  and  the  lowest 
GCA  for  number  of  spikelets  per  spike  and  number  of  seeds  per  spike 
respectively.  Similar  interpretations  may  be  given  for  other  yield 
components.  As  far  as  yield  is  concerned,  at  both  locations  Inia  may 
be  regarded  as  the  best  combiner,  while  Chinook  at  Ellerslie  and  Marquis 
at  Parkland  were  the  poorest. 

The  values  of  specific  combining  ability  for  heading  data 
are  given  in  Tables  45,  46  and  47.  The  results  of  Table  45  show  that 
the  cross  (Cxi)  possessed  the  highest  SCA  and  (Mxl)  the  lowest  at  both 
locations.  The  best  hybrid  was  associated  with  the  parents  with  the 
lowest  GCA's  at  both  locations  and  the  worst  was  from  parents  with  the 
highest  GCA's.  The  variances  for  GCA's  were  larger  than  those  for  SCA's. 
The  reciprocal  effects  were  not  significant  in  all  cases.  Similar 
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interpretations  for  Tables  46  and  47  may  be  made. 

Hybrids  (MxK)  and  (Mxl)  showed  the  highest  and  the  lowest 
SCA  for  plant  height  (Table  48)  at  both  locations.  The  best  hybrid 
at  both  locations  was  associated  with  the  parent  (Khush-hal)  with  the 
second  lowest  GCA,  and  the  poorest  hybrid  was  associated  with  one 
parent  (Marquis)  having  the  highest  GCA  and  another  (Inia)  showing  the 
lowest  GCA  at  both  locations.  The  variances  for  GCA  were  greater  than 
those  for  SCA  and  the  reciprocal  effects  at  both  locations  were  signi— 
oftly  for  (IxI4)  .  This  effect  was  attributed  to  the  female  parent 
because  of  the  positive  sign  appended  to  it. 

At  both  locations,  hybrid  (Cxi)  had  the  highest  SCA  while 
(Kxl)  at  Ellerslie  and  (Mxl)  at  Parkland  ranked  lowest  and  produced 
the  lowest  numoer  of  tillers  per  plant  (Table  49) .  The  best  hybrid 
had  a  parent  with  the  lowest  GCA  at  both  locations ,  while  the  poorest 
ranking  hybrids  had  high  GCA  parents  (Marquis  and  Khush-hal,  respectively). 
The  reciprocal  effects  were  non-significant  for  all  hybrids  and  GCA 

were  usually  higher  than  those  for  SCA,  except  for  Marquis, 
Khush-hal  and  Ciano,  all  at  Ellerslie.  The  larger  SCA  variances  for  the 
parents  imply  an  importance  of  non— additive  gene  effects  for  num¬ 
ber  of  tillers  per  plant,  and  reveal  instability  in  the  performance  of 
their  hybrids . 

The  results  for  the  other  components  of  yield,  such  as 
numoer  of  spikelets  per  spike  (Table  50) ,  number  of  seeds  per  spike 
(Table  51)  weight  of  seeds  per  spike  (Table  52)  and  1000-kernel  weight 
(Table  53)  may  be  interpreted  in  a  similar  way. 
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In  yield  per  plant  (Table  54) ,  cross  (MxCH)  had  the  highest 
SCA  and  consequently  was  the  highest  yielding  at  both  locations,  while 
cross  (Kxl)  was  the  lowest  yielding  as  it  had  the  lowest  SCA.  The 
highest  yielding  hybrid  had  the  parents  (Marquis  at  Parkland  and  Chinook 
at  Ellerslie)  with  the  lowest  GCA,  while  the  poor  yielding  cross  (Kxl) 
had  one  parent  (Khush-hal)  with  the  lowest  and  one  (Inia)  with  the 
highest  GCA  at  both  locations.  The  GCA  variances  were  higher  than  those 
for  SCA  only  for  Marquis  at  Parkland  and  Chinook,  Khush-hal  and  Inia  at 
Ellerslie.  The  reciprocal  effects  were  non-significant  in  all  cases. 

The  analysis  of  variance  for  general  and  specific  combining 
ability  together  with  the  reciprocal  effects  (Table  55)  reveals  impor¬ 
tant  additive  gene  effects  for  all  the  characters  at  both  locations, 
with  the  exception  of  yield  per  plant  at  Parkland.  Thus  the  signi¬ 
ficance  of  mean  squares  for  GCA's  substantiates  the  differences  among 
the  parental  lines.  The  significant  mean  squares  for  SCA's  for  onset- 
of-heading,  final  heading  and  plant  height  at  both  locations  and  heading 
span  at  Ellerslie  suggest  a  relatively  greater  importance  of  SCA  over 
GCA.  Thus  for  earliness  and  plant  height,  selection  for  SCA  should  be 
given  priority  in  breeding  programmes  aimed  at  evolving  desired  lines . 

Diallel  cross  analysis 

Preceding  the  analysis,  the  validity  of  the  assumption 
of  no  reciprocal  differences  was  tested  by  means  of  Hayman's  (1954a) 
analysis  of  variance.  The  results  are  given  in  Table  56.  Heading- 
span  at  Ellerslie  and  plant  height  at  Parkland  showed  a  significant 


Number  of  Number  of  Humber  of  Weight  of  1000 

D.F.  Onset-of-  Final  Heading-  Plant  tillers  spikelets  seeds  seeds  kernel  Yield 

heading  heading  spian  height  per  plant  per  spike  per  spike  per  spike  weight  per  plant 
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Significant  at  1%  level 

rst  reading  under  each  column  refers  to  Ellerslie  and  second  to  Parkland.  Error  D.F.  comprises  of  block  interaction  with  D.F.  of  (a+b+ohd.) 
ch  component  has  been  tested  against  its  own  block  interaction. 
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Analysis  of  variance  of  for  ten  characters  Estimates  of  second  degree  statistics 
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G  component,  indicating  significant  reciprocal  differences.  Significance 
for  a  confirms  the  existence  of  parental  differences  for  all  characters 
at  both  locations,  with  the  exception  of  yield  per  plant  at  Parkland. 
Significance  of  b  shows  that  dominance  is  present  for  onset-of -heading , 
final  heading  and  plant  height  at  both  locations  while  bj shows  that 
dominance  is  directional  for  final  heading  at  Ellerslie.  Other  assump¬ 
tions  underlying  the  diallel  analysis  were  tested  by  analysis  of  variance 
of  Wp  -  V ^  differences.  The  heterogeneity  of  W ^  -  V ^  over  arrays  for 
onset-of -heading  and  heading-span  at  Ellerslie  and  plant  height  at  Park¬ 
land  (Table  57)  indicates  non- validity  of  at  least  one  of  the  assumptions : 
no  multiple  allelism,  uncorrelated  gene  distribution  and  no  non-allelic 
gene  interaction.  This  situation  is  discussed  later,  during  the  graphi¬ 
cal  analysis  of  these  characters. 

The  estimates  of  second  degree  statistics  calculated  from 
array  variances  and  parent-offspring  covariances  are  presented  in  Table  58. 
The  genetic  components  of  variation  were  computed  according  to  Johnson 
and  Aksel's  (1959)  procedure,  where  the  effects  of  heterozygote  is  halved 
because  the  backcross  entries  were  made  equal  to  those  of  F^'s  (Jinks, 

1956) .  The  estimates  of  genetic  components  of  variation  are  given  in 
Table  59.  Significance  was  tested  in  a  manner  similar  to  that  used  for 
F2's.  Proportional  estimates  of  genetic  parameters,  calculated  from 
Table  59  are  presented  in  Table  60.  The  interpretation  of  the  results 
in  Tables  59  and  60,  together  with,  the  graphical  analysis  of  the  data 
for  all  the  characters  under  study  is  as  follows : 

Except  E  at  Ellerslie  and  F  at  Parkland,  all  components 
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Estimates  of  genetic  components  of  variation 
from  backcross  diallcl  sot  for  ten  characters  at  two  locations. 
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Proportional  estimates  of  genetic  parameters 
from  the  backcross  diallel  set  for  ten  characters  at  two  locations. 
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of  variation  were  significant  (Table  59)  for  onset-of-heading .  The 
mean  degree  of  dominance  (Table  60)  and  the  regression  of  W  upon  V 
(Figure  41)  at  both  locations  show  that  onset-of-heading  is  inherited 
as  a  partially  dominant  trait.  The  proportion  of  positive  to  negative 
alleles  at  loci  exhibiting  dominance  in  the  parents  is  approximately 
0.25  and  consequently  the  parents  may  be  assumed  to  have  equal  propor¬ 
tions  of  genes  with  positive  and  negative  effects  respectively.  The 
estimates  of  [  ( 4DH 2 )2^2  +  F]  ^  [( 4DH 2 )2^2  -  F]  >  1  for  both  locations 

suggest  that  dominant  genes  are  in  excess  in  the  parents.  Moreover, 

2 

since  h  /H ^  is  1.2  for  Ellerslie  and  2.5  for  Parkland,  at  least  one 
and  at  least  two  groups  of  genes,  respectively,  are  showing  dominance 
in  regard  to  the  expression  of  the  character.  The  correlation  co¬ 
efficient  between  Y ^  and  (W^  +  V  )  at  both  locations  is  0.9,  indicating 
that  the  genes  for  early  heading  are  mostly  dominant.  The  parents 
Marquis  and  Inia  at  Ellerslie  and  Chinook  and  Ciano  at  Parkland  are  the 
most  highly  recessive  and  highly  dominant  ones  (Figure  41) .  The  standard¬ 
ized  deviation  graph  of  Figure  42  categorized  the  late  heading  parents 
as  recessives  (Marquis  and  Chinook,  in  the  +,+  quadrant)  and  the  early 
parents  as  dominants  (Khush-hal,  Ciano  and  Inia,  in  the  -,-  quadrant) 
for  both  locations.  Heritability  estimates  of  102.75%  at  Ellerslie  and 
75.27%  at  Parkland  show  that  the  character  is  highly  heritable  and  fairly 
stable  over  the  environmental  fluctuations. 

Only  F  and  E  for  final  heading  were  not  significant  at 

Ellerslie  (Table  59) .  The  character  is  partially  dominant  in  its  inheri- 

1  /2 

tance  since  (H  i  D)  <  1  (see  also  Figure  43) .  Table  57  shows  W  -  V 
1  r  r 
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heterogeneity  which  can  be  ascribed  to  either  non-allelic  interaction, 
multiple  allelism  or  correlated  gene  distribution.  It  could  be  ascer¬ 
tained  from  Figure  41  (onset-of-heading)  and  Figure  43  (final  heading) 
that  the  regression  line  does  not  deviate  significantly  from  the  expected 
unit  slope  and  the  V ^  graph  does  not  appear  to  be  distorted.  There¬ 

fore  the  question  of  non-validity  of  any  of  the  above  mentioned  condi¬ 
tions  has  been  ignored.  The  general  conclusions  of  the  diallel  analysis 
for  final  heading  (see  Tables  59,  60;  Figures  43,  44)  and  heading-span 
(see  Figure  45,  46)  are  similar  to  that  for  onset-of-heading  except  for 
changes  in  the  ranking  order  of  parents  for  their  dominance. 

For  plant  height,  all  components  of  genetic  variation  except 

D  were  non-significant  at  both  locations.  The  ~  V  heterogeneity  at 

Parkland  (Table  57)  has  been  ignored,  since  the  regression  of  W  upon 

Vr  is  not  significantly  different  from  unity  (Figure  47)  and  the  W  V 

r  v 

array-intercepts  do  not  show  distortion.  Because  of  the  non-significance 
of  components  of  variation,  interpretations  of  proportional  estimates 
and  genetic  parameters  are  meaningless.  However,  the  mean  degree  of 
dominance  may  be  given  as  (H^  1  <  1  indicating  partial  dominance 

(see  also  Figure  47) .  The  correlation  between  the  parental  order  of 
of  dominance  and  parental  measurements  is  0.32  at  Ellerslie  and  -0.607 
at  Parkland.  The  positive  correlation  at  Ellerlie  indicates  that  genes 
for  snortness  are  mostly  dominant;  the  negative  correlation  at  Parkland 
that  genes  for  tallness  are  mostly  dominant.  The  most  highly  recessive 
parent  (+,+  quadrant.  Figure  48)  contributing  to  tallness  at  Ellerslie 
is  Marquis;  while  Khush-hal  is  the  most  highly  recessive  parent  at  Parkland 


£ 

. 


. 


1  -1  I 


135 


<« 

o 

£1 

ft 

d 

d 

ft 

£ 

o 

•H 

4-1 

d 

•H 

> 

d 

d 

d 

d 

M 

-H 

d 

54 

d 

d 

£ 

d 

4-> 

W 


co 

d1 


4-1 

£ 

ft 

-rH 

d 

£ 

4-> 

a 

d 

i — i 

ft 

u 

o 

<4-1 


+ 


d 

£ 

d 


+J 

ai 

w 

rH 

d 

i — i 
rH 
d 
•H 
d 

co 

co 

o 

O 

o 

d 

rQ 

S 

o 

u 

<44 


CO 

4-1 

ft 

d 

O 

M 

d 

•P 

£ 

•H 


+• 


N, 

II 

O 


d 

-rH 
l — i 
CO 
5h 
d 

i — I 
i — i 

ft 

-P 

d 


co 

4-1 

ft 

d 

a 

d 

d 

-p 

£ 

-rH 


^  is 

d 

£ 

+  d 

rH 

,  &  rM 

15;  Jh 

d 
ft 

4-> 

>h  d 


d 

fn 

£ 

ft 

ft 


* 

136 


(-,+  quadrant)  contributing  to  shortness.  The  most  dominant  parent, 

Inia,  at  both  locations  occupies  the  (-,-)  quadrant  and  thus  reflects 

its  shortness.  Marquis  and  Chinook  show  a  discrepancy  in  dominance 

ranking  order  between  locations.  Chinook,  highly  dominant  at  Ellerslie 

had  equal  proportion  of  dominants  and  recessives  at  Parkland,  while 

Marquis,  highly  recessive  at  Ellerslie  is  highly  dominant  at  Parkland. 

The  heritability  estimates  of  88.98%  at  Ellerslie  and  84.77%  at  Parkland 

suggests  that  plant  height,  being  highly  heritable  is  quite  stable  with 

respect  to  environmental  changes . 

For  number  of  tillers  per  plant,  all  components  of 

variation  except  D  and  F  are  non-significant  at  Parkland.  Consequently, 

proportional  values  discussed  below  may  have  a  value  only  in  showing 

trends  and  not  definite  conclusions.  The  same  condition  applies  to 

1/2 

the  interpretation  of  graphs.  At  Ellerslie,  (H -f  D)  -  1,  showing 

that  dominance  is  nearly  complete  (see  also  Figure  49) .  The  value  of 

(H^/4H^)  —  0.204  indicates  a  certain  degree  of  asymmetry  of  positive 

and  negative  alleles  at  loci  exhibiting  dominance.  the  proportion  of 

dominant  to  recessive  genes  in  the  parents  (0.309),  indicates  a  pre- 

2 

ponderance  of  recessive  genes.  Since  h  /H  —  0.704,  probably  at  least 
one  group  of  genes  controls  tillering  capacity.  The  correlation  bet¬ 
ween  parental  order  of  dominance  and  parental  measurements  at  both 
locations  is  0.9,  suggesting  that  genes  with  low  tillering  capacity 
are  mostly  dominant.  This  situation  is  presented  graphically  in 
Figure  50,  where  almost  all  the  parents  at  both  locations  occupy 
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the  (-,-)  and  (+,  +  )  quadrants.  Ciano  and  Inia,  in  the  quadrant, 

may  be  regarded  as  highly  dominant  for  low  tillering  at  both  locations. 
Khush-hal  at  Ellerslie  and  Marquis  at  Parkland,  in  the  (+,+)  quadrant, 
may  be  said  to  be  highly  recessive  for  higher  tillering.  Chinook, 
with  higher  tillering  capacity  at  both  locations ,  shows  more  dominant 
than  recessive  genes  at  Ellerslie  but  equal  proportions  of  dominants 
and  recessives  at  Parkland.  Only  Khush-hal  has  changed  its  order  of 
dominance  between  the  two  locations.  Highly  recessive  at  Ellerslie, 
it  shows  a  preponderance  of  dominant  genes  at  Parkland.  Heritability 
values  of  24.03%  at  Ellerslie  and  83.79%  at  Parkland  suggest  that  the 
heritability  of  tillering  capacity  is  strongly  influenced  by  environ¬ 
mental  fluctuations . 

The  graphical  interpretations  of  the  results  of  Tables 
59,  60  for  other  components  of  yield,  are  shown  in  Figures  51  -  58, 
(i.e.  number  of  spikelets  per  spike.  Figures  51,  52;  number  of  seeds 
per  spike.  Figures  53,  54;  weight  of  seeds  per  spike.  Figures  55,  56; 
and  1000-kernel  weight,  Figures  57,  58).  These  may  be  explained  in 
the  same  way  as  for  number  of  tillers  per  plant. 

For  yield  per  plant,  the  components  of  variation  in 
Table  59  were  mostly  non-significant.  The  overall  picture  of  inheri¬ 
tance  of  yield  seen  from  the  V ^  graph  of  Figure  59  is  one  of 

partial  dominance  at  both  locations .  The  correlations  between  parental 
order  of  dominance  and  parental  measurements  are  0.921  at  Ellerslie 
and  -0.436  at  Parkland.  These  highly  significant  correlations  indicate 


(+'«•) 

Low,  Recessive  High,  Recessive 
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that  the  genes  for  low  yield  at  Ellerslie  are  mostly  dominant  while 
at  Parkland  high  yielding  is  dominant  over  low.  The  dominance  ranking 
order  of  parents  seems  to  be  significantly  different  for  the  two  loca¬ 
tions.  Thus,  from  Figure  59,  Inia  and  Marquis  are  the  most  recessive’ 
and  Khush-hal  and  Chinook  are  the  most  dominant  parents  at  Ellerslie 
and  Parkland,  respectively.  Marquis,  highly  recessive  at  Parkland 
contains  an  excess  of  dominant  genes  at  Ellerslie,  while  Khus-hal , 
with  equal  proportion  of  dominants  and  recessives  at  Parkland  shows 
a  preponderance  of  dominants  at  Ellerslie.  Ciano,  with  equal  propor¬ 
tions  of  dominant  and  recessive  genes  at  Ellerslie  possesses  an  excess 
of  recessive  genes  at  Parkland.  The  heritability  values  of  65.67% 
at  Ellerslie  and  6.02%  at  Parkland  reflect  this  instability  of  yield 


inheritance  between  the  two  locations . 
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ANALYSIS  OF  SELFED  BACKCROSSES 

In  the  absence  of  non-allelic  interaction  the  expected 
statistics  for  the  analysis  of  family  means  of  the  first  selfed  back- 
cross  generation  are  the  same  as  those  of  F^  generation  crosses.  The 
diallel  table  of  selfed  backcross  family  means,  i.e.,  'synthetic  F^ 
diallel  table'  was  subjected  to  simple  correlation  analysis  and  the 
results  are  presented  in  Table  61.  The  following  conclusions  may  be 
made  from  Table  61: 

Onset-of-heading  was  positively  correlated  with  final 
heading,  plant  height,  number  of  spikelets  per  spike,  number  of  seeds 
per  spike  at  both  locations  and  with  number  of  tillers  per  plant  at 
Parkland  only.  It  was  negatively  correlated  with  weight  of  seeds  per 
spike  at  Parkland  and  1000-ke.rnel  weight  at  both  locations.  The 
negative  correlation  with  weight  of  seeds  per  spike  and  1000-kernel 
weight  indicates  that  early  maturing  varieties  produce  higher  yields 
and  higher  seed  weights  than  the  late  maturing  ones.  Similar  results 
were  also  obtained  for  F  ,  F  and  backcross  diallel  data. 

_L 

Plant  height  was  positively  correlated  with  number  of 
tillers  per  plant  and  number  of  spikelets  per  spike  at  both  locations 
and  with  number  of  seeds  per  spike  at  Ellerslie  only.  It  was  negatively 
correlated  with  weight  of  seeds  per  spike  and  1000-kernel  weight  at 
both  locations.  Correlation  with  yield  at  both  locations  was  not 
significant. 

Number  of  tillers  per  plant  was  positively  correlated  with 
number  of  spikelets  per  spike  and  yield  per  plant  at  both  locations 


Simple  correlation  coefficients  between  ten  characters 
from  a  selfed  backcross  diallel  set  at  two  locations. 
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and  with  number  of  seeds  per  spike  at  Parkland.  It  was  negatively 
correlated  with  1000-kernel  weight  at  Parkland.  The  correlation  of 
tiller  number  with  number  of  seeds  per  spike  and  1000-kernel  weight 
at  Ellerslie  and  with  weight  of  seeds  per  spike  at  both  locations  was 
not  significant.  A  positive  correlation  with  number  of  spikelets  per 
spike,  number  of  seeds  per  spike  and  yield  per  plant  indicates  a  direct 
proportional  relationship  between  tillering  capacity  and  these  charac¬ 
ters,  while  negative  correlation  with  1000-kernel  weight  shows  that 
plants  with  high  tillering  capacity  tend  to  have  a  low  kernel  weight. 
The  correlation  coefficients  for  other  components  of  yield,  viz., 
number  of  spikelets  per  spike,  number  of  seeds  per  spike  and  1000-kernel 
weight  among  themselves  and  with  heading  dates  have  a  similar  inter¬ 
pretation. 

Yield  per  plant  was  positively  correlated  with  its  com¬ 
ponents:  1000-kernel  weight,  weight  of  seeds  per  spike,  number  of 

seeds  per  spike,  number  of  spikelets  per  spike  and  number  of  tillers 
per  plant  at  both  locations.  The  single  exception  was  number  of  seeds 
per  plant  at  Ellerslie.  The  positive  correlation  of  yield  with  its 
components  exhibits  a  direct  proportional  relationship  of  the  former 
with  the  latter.  Yield  was  negatively  correlated  with  final  heading 
and  heading-span  at  both  locations,  indicating  that  the  late  heading 
entries  are  low  yielding  and  vice  versa.  The  negative  correlation 
of  yield  with  onset-of-heading  was  not  significant  at  either  location. 

The  results  of  the  factor  analysis  are  summarized  in  a 
varimax- rotated,  five  factor  matrix  in  Table  62.  93%  of  the  total 
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variability  present  in  the  data  for  all  the  characters  considered  was 
explained  by  these  factors  at  both  locations. 

The  first  factor  was  termed  lateness.  It  carried  highest 
loadings  for  onset-of-heading  and  final  heading  at  both  locations. 

Weight  of  seeds  per  spike,  1000-kernel  weight  and  yield  per  plant  were 
negative  contributors  to  lateness.  Of  the  remaining  characters,  the 
highest  contributor  to  lateness  was  plant  height  at  both  locations. 

This  confirms  the  results  of  the  earlier  F  ,  F and  backcross  diallel 
factor  analyses.  Lateness  explained  31.33%  and  33.07%  of  the  total  vari¬ 
ability  at  Ellerslie  and  Parkland  respectively. 

The  second  principal  factor  was  termed  yielding -ability 
since  it  carried  the  highest  loadings  on  number  of  seeds  per  spike, 
weight  of  seeds  per  spike  and  number  of  spikelets  per  spike.  As  expected, 
yield  per  plant  appreciably  contributed  to  this  factor.  The  contributions 
of  onset-of-heading  and  final  heading,  though  positive,  were  the  lowest. 
Heading-span  and  plant  height  showed  a  negative  effect  on  y l el  ding f- 
ablllty .  The  factor  explained  19%  of  the  variability  present  in  the 
data  at  both  locations . 

Tillering ^capacity  was  chosen  as  the  third  principal  factor 
as  it  carried  the  highest  loadings  for  number  of  tillers  per  plant  at 
both  locations.  Yield  per  plant  showed  the  highest  contribution  to 
tillering -capacity  at  Ellerslie  but  its  effect  at  Parkland  was  very  low. 
Other  components  of  yield,  viz.,  number  of  seeds  per  spike,  weight  of 
seeds  per  spike  and  1000-kernel  weight,  contributed  negatively  or  very 
slightly  to  tillering -capacity  at  both  locations.  A  negative  effect 
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was  observed  for  onset-of-heading,  final  heading  and  heading-span  at 
Ellerslie,  but  their  effect  at  Parkland,  though  positive,  was  very  low. 
Tillering- capacity  explained  17.23%  and  14.30%  of  the  variability  in 
the  data  at  Ellerslie  and  Parkland. 

The  fourth  principal  component  was  chosen  as  heading -span 
because  heading-span  provided  the  highest  contribution  to  this  factor. 

It  explained  12.6%  and  13.2%  of  the  variability  at  Ellerslie  and  Park¬ 
land.  Yield  per  plant  and  its  components  had  either  a  negative  or  a 
minimal  effect  on  headi?ig -period.  This  kind  of  response  was  also 

observed  in  the  F  ,  F  and  backcross  factor  analyses. 

_L  Z 

The  fifth  principal  factor  was  named  low  seed  weight  at 
Ellerslie  and  high  yield  at  Parkland  because  of  the  inconsistency  in 
factor  loadings  between  the  two  locations;  1000-kernel  wTeight  carrying 
maximum  negative  loading  at.  Ellerslie  and  yield  per  plant  maximum  posi¬ 
tive  loading  at  Parkland.  Low  seed  weight  explained  12.421%  and  high 
yield,  13.115%  of  the  variability  in  the  data  at  the  respective  locations. 
The  contribution  of  yield  and  its  components  towards  low  seed  weight 
at  Ellerslie  was  expectedly  low  except  number  of  spikelets  per  spike. 

On  the  other  hand  the  contribution  of  yield  components  towards  high 
yield,  at  Parkland  v;as  definitely  positive.  Low  seed  weight  was  asso¬ 
ciated  with  earliness,  as  reflected  by  the  factor  loadings  for  heading 
data  at  the  two  locations . 

Combining  ability  analysis 

The  results  of  the  general  combining  ability  analysis  are 
presented  in  Table  63.  For  onset-of-heading  Marquis  was  the  highest 
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in  GCA  and  Ciano  was  the  lowest.  Marquis  at  Ellerslie  and  Chinook  at 
Parkland  ranked  first  for  final  heading  while  Ciano  at  both  locations 
ranked  last.  For  heading-span,  Chinook  showed  the  highest  GCA  and  Inia 
the  lowest  at  both  locations.  Marquis  was  the  best  combiner  for  plant 
height  at  both  locations,  while  Inia  at  Ellerslie  and  Khush-hal  at 
Parkland  were  the  poorest.  Chinook  showed  the  highest  GCA  for  number 
of  tillers  per  plant  at  both  locations  and  Inia  was  the  lowest.  Inter¬ 
pretations  of  GCA's  for  number  of  spikelets  per  spike,  number  of  seeds 
per  spike,  weight  of  seeds  per  spike  and  1000-kernel  weight  may  be  made 
in  the  same  way.  For  yield  per  plant,  Inia  at  Ellerslie  and  Marquis 
at  Parkland  had  the  highest  GCA  while  Chinook  at  Ellerslie  and  Ciano 
at  Parkland  were  the  poorest. 

The  estimates  of  specific  combining  abilities,  reciprocal 
effects  and  variances  for  general  and  specific  combining  abilities  for 
onset-of -heading,  final  heading  and  heading-span  are  presented  in 
Tables  64,  65  and  66.  For  onset-of-heading,  cross  (Cxi)  at  Ellerslie 
and  (MxC)  at  Parkland  had  the  highest  SCA  while  cross  (Mxl)  at  Ellerslie 
and  (CHxC)  at  Parkland  scored  lowest.  The  best  hybrid  (Cxi)  at  Ellerslie 
had  parents  with  the  lowest  GCA's  at  both  locations  while  the  worst  (Mxl) 
and  (CHxC)  had  one  parent  Marquis  and  Chinook  which  showed  the  highest 
GCA's  at  both  locations.  The  variances  for  GCA  were  greater  than  those 
for  SCA  in  all  cases  and  the  reciprocal  effects  were  not  significant. 
Interpretations  for  final  heading  (Table  65)  and  heading-span  (Table  66) 
may  be  made  in  the  same  way . 

For  plant  height  (Table  67) ,  hybrid  (CHxI)  at  both  locations 
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ranked  highest  while  (Mxl)  ranked  lowest.  One  parent  of  (CHxI) , 

Chinook,  showed  the  second  highest  GCA  and  the  other,  Inia,  the 
lowest  GCA  at  both  locations.  Similarly  one  parent  of  (Mxl),  Marquis, 
showed  the  highest  GCA  and  other  parent,  Inia,  the  lowest  GCA  at  both 
locations .  The  variances  for  GCA  were  greater  in  all  the  cases  than 
those  for  SCA,  and  the  reciprocal  effects  were  non-significant,  except 
for  (CxM) ,  (IxM)  and  (IxCH)  at  both  locations.  These  effects  may  be 
attributed  to  the  female  parents  of  the  respective  crosses,  because 
of  the  positive  sign  appended  to  each  effect. 

For  number  of  tillers  per  plant,  (CHxC)  at  Ellerslie 
and  (KxC)  at  Parkland  scored  highest  for  SCA  while  cross  (MxK)  at 
Ellerslie  and  (Mxl)  at  Parkland  scored  lowest  (Table  68) .  The  highest 
scoring  hybrids  at  both  locations  had  one  parent,  Ciano,  with  the  second 
lowest  GCA,  while  the  poorest  hybrids  had  one  parent,  Marquis,  scoring 
second  highest  for  GCA  at  both  locations.  The  variances  for  GCA  were 
greater  than  those  for  SCA  except  for  Khush-hal  at  both  locations  and 
for  Marquis  and  Ciano  at  Ellerslie.  The  reciprocal  effects  were  generally 
non-significant  except  for  (CxM)  at  Parkland.  The  results  of  the  specific 
combining  ability  analysis  for  number  of  spikelets  per  spike  (Table  69) , 
number  of  seeds  per  spike  (Table  70) ,  weight  of  seeds  per  spike  (Table  71) 
and  1000-kernel  weight  (Table  72)  may  be  interpreted  in  the  same  way. 
Respective  changes  in  the  relative  positions  of  the  parents  and  hybrids 
for  their  GCA's  and  SCA's  may  be  pointed  out  accordingly. 

For  yield  per  plant  (Table  73) ,  (CHxC)  at  Ellerslie  and 
(Kxl)  at  Parkland  ranked  highest  for  SCA  while  cross  (Cxi)  at  Ellerslie 


■ 

. 


Analysis  of  variance  of  general  and  specific  combining  ability 
and  reciprocal  effects  from  selfed  backcross  diallel  set  at  two  locations. 
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and  (CHxK)  at  Parkland  ranked  lowest.  The  best  hybrid  at  Ellerslie 
had  one  parent  (Chinook)  with  the  lowest  GCA  for  that  location  while 
the  best  hybrid  (Kxl)  at  Parkland  had  one  parent  (Khush-hal)  with  the 
second  lowest  GCA  for  that  location.  On  the  other  hand,  the  poorest 
ranking  hybrid  (Cxi)  at  Ellerslie  had  one  parent,  Inia,  with  the  highest 
GCA  for  that  location  while  the  lowest  scoring  hybrid  at  Parkland  had 
one  parent  (Chinook)  with  the  second  highest  GCA  for  that  location. 
Variances  for  GCA  were  larger  than  those  for  SCA  except  for  Marquis 
at  Ellerslie,  Chinook,  Khush-hal  and  Inia  at  Parkland,  and  Ciano  at 
both  locations.  Only  cross  (IxK)  at  Parkland  showed  significant  recip¬ 
rocal  effect  which  may  be  ascribed  to  Inia. 

Analysis  of  variance  of  general  and  specific  combining 
ability  (Table  74)  yielded  significant  mean  squares  for  GCA  for  all 
characters  except  for  plant  height,  number  of  tillers  per  plant  and 
yield  per  plant  at  Parkland.  Significance  for  SCA  mean  squares  for 
onset-of-heading ,  f inal  heading  and  plant  height  at  both  locations,  and 
for  yield  per  plant  at  Ellerslie  show  a  relatively  greater  importance 
of  SCA  over  GCA  for  these  characters  in  the  selection  procedures  of  the 
breeding  programmes. 

Diallel  cross  analysis 

The  assumption  of  no  differences  between  reciprocal  crosses 
is  tested  in  Table  75.  Significance  of  the  c  component  for  plant  height, 
number  of  seeds  per  spike  and  1000-kernel  weight  at  both  locations  and 
heading-span  and  weight  of  seeds  per  spike  at  Parkland  indicates  reciprocal 


Mean  squares  from  the  analysis  of  variance 
of  5  x  5  selfed  backcross  dinllel  set  for  ten  characters  at  two  locations. 
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differences  for  these  characters.  Significance  of  the  a  for  all 
characters  except  heading-span  at  Ellerslie,  number  of  tillers  per 
plant  at  Parkland  and  yield  per  plant  at  both  locations  indicates 
substantial  differences  among  the  parents.  Significance  of  b  for 
final  heading  at  both  locations  and  onset-of-heading  and  plant  height 
at  Ellerslie  shows  that  dominance  is  present  while  b j  for  number  of 
spikelets  per  spike  at  Ellerslie  shows  that  dominance  is  directional. 
Analysis  of  W  -  V  (Table  76)  indicates  that  other  assumptions,  viz., 
no  non-allelic  interaction,  no  multiple  allelism  and  uncorrelated  gene 
distribution,  are  valid  for  all  characters  at  both  locations. 

After  Hayman’s  (1954a)  procedure  of  replacement  of 
reciprocal  crosses  by  their  common  means,  diallel  analysis  for  genetic 
components  of  variation  was  carried  out.  Estimates  of  second  degree 
statistics  are  given  in  Table  77  and  the  genetic  components  of  varia¬ 
tion  obtained  from  them  are  presented  in  Table  78.  Significance  of 
components  of  variation  was  tested  as  in  the  previous  diallel  analyses 
of  ,  F ^  and  backcross  sets.  The  proportional  values  of  the  estimates 

of  genetic  parameters  from  Table  78  are  given  in  Table  79. 

1/2 

The  ratio  (H^/Dj)  <  1  for  onset-of-heading  at  both 

locations  (Table  79)  shows  that  dominance  is  partial  (see  also  Figure  61) 
The  estimate  of  [H ^  1  4H j]  =  0.21  at  Ellerslie  and  0.24  at  Parkland 
implies  some  asymmetry  in  numbers  of  positive  and  negative  alleles  at 
loci  exhibiting  dominance  at  Ellerslie  and  equal  proportion  of  positive 


and  negative  effects  at  Parkland.  The  proportion  of  dominant  to  reces¬ 
sive  genes  in  the  parents  is  >  1  at  both  locations  indicating  thus 


* 


. 


. 


Estimates  of  genetic  components  of  variation 
from  selfed  backcross  diallel  set  for  ten  characters  at  two  locations 
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a  preponderance  of  dominant  genes.  [h  /#r>]  >  1  at  both  locations 
suggests  that  at  least  two  groups  of  genes  exhibiting  dominance  con¬ 
tribute  to  the  control  of  onset-of-heading .  The  coefficients  of 
correlation  between  parental  order  of  dominance  and  parental  measure¬ 
ments  (0.916  at  Ellerslie  and  0.687  at  Parkland)  indicate  that  earliness 
is  dominant  over  lateness.  Figure  61  shows  that  Marquis  at  Ellerslie 
and  Chinook  at  Parkland  are  the  most  recessive  parents  while  Khush-hal 
at  both  locations  is  the  most  dominant.  Figure  62  places  Marquis  and 
Chinook  in  the  (+,+)  quadrant,  indicating  that  lateness  of  these  parents 
is  associated  with  recessive  genes.  Khush-hal,  Ciano  and  Inia  occupy 


the  ( 


-,-)  quadrant  at  both  locations,  suggesting  that  these  parents 
are  early  maturing  dominants. 

The  interpretations  from  Tables  78  and  79  for  final  heading 
(Figures  63,  64)  and  for  heading-span  (Figures  65,  66)  may  be  made  in 
the  similar  fashion.  The  changes  in  the  relative  position  of  the  parents 
with  respect  to  their  order  of  dominance  at  the  two  locations  could  be 


.1/2 


attributed  to  environmental  effects. 

In  case  of  plant  height,  the  ratio  of  [H^/D]  ~L/  °  <  1  at  both 

locations  indicates  that  the  character  is  inherited  as  a  partially  domi¬ 
nant  trait.  Since  all  other  components  of  variation,  except  D  and  E 
are  non-significant  at  both  locations  (Table  78) ,  the  interpretation  of 
proportional  values  of  genetic  parameters  is  meaningless.  Figure  67 
classifies  Ciano  at  Ellerslie  and  Khush-hal  at  Parkland  as  the  most 


recessive  parents  and  Chinook  as  the  most  dominant  at  both  locations. 
Figure  68  indicates  that  the  most  dominant  parent  (Chinook)  at  both 
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locations,  contributes  to  tallness,  while  the  most  recessives  (Ciano 
and  Khush-hal)  contribute  to  shortness;  i.e.  the  order  of  dominance 
of  the  parents  is  negatively  correlated  with  their  measurements . 

However,  as  shown  in  Table  79,  the  respective  coefficients  of  cor¬ 
relation  do  not  reach  the  5%  level  of  significance.  The  order  of  domi¬ 
nance  of  parents  seems  to  differ  at  the  two  locations  (Figure  68) .  The 
most  recessive  parent  at  Parkland  (Khush-hal;  -,+  quadrant)  possesses 
an  excess  of  dominant  genes  (-,-  quadrant)  at  Ellerslie,  while  Inia 
with  an  excess  of  recessive  genes  at  Ellerslie  (-,+  quadrant),  appears 
to  have  a  preponderance  of  dominants  at  Parkland  (-,-  quadrant).  Marquis, 
recessive  at  Ellerslie  becomes  dominant  at  Parkland.  The  ranking  order 
of  Ciano  and  Chinook  remained  unchanged.  The  coefficient  of  heritability 
was  very  high  (91%)  at  both  locations. 

For  number  of  tillers  per  plant,  only  the  D  and  E  components 

of  variation  were  significant  at  Ellerslie,  while  all  components  except 

,2  .  .  . 

n  were  significant  at.  Parkland.  Consequently,  the  proportional  values 

of  the  estimates  of  parameters  for  Ellerslie  data  are  not  discussed. 

1/2 

However,  the  mean  degree  of  dominance  may  be  given,  since  (H ^  1  D)  '  <1 

for  both  locations  indicating  that  tillering  capacity  is  inherited  as 

partially  dominant.  The  ratio  [H ?  1  4H ^ ]  =  0.169  at  Parkland  suggests 

asymmetry  of  positive  and  negative  alleles  at  loci  exhibiting  dominance. 

The  proportion  of  dominant  to  recessive  genes  in  the  parents  is  2.58 

2 

indicating  a  preponderance  of  dominants.  Since  [h  /H ]  =  0.54,  it  may 

Cj 

be  assumed  that  at  least  one  group  of  genes  exhibit  dominance  and  control 
the  inheritance  of  tiller  number.  The  correlation  coefficient  between 
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parental  order  of  dominance  and  parental  mesurements  is  -0.748  at 
Ellerslie  and  0.624  at  Parkland.  The  significant  negative  correlation 
at  Ellerslie  indicates  that  the  high  tillering  capacity  is  dominant 
over  low  tillering  capacity  while  positive  correlation  at  Parkland  con¬ 
cludes  that  lower  tiller  number  is  dominant  over  higher.  Figure  69 
classifies  Ciano  and  Khush-hal  at  Ellerslie  as  the  most  recessive  and 
the  most  dominant  parents,  respectively.  At  Parkland,  Marquis  and 
Khush-hal  are  the  most  recessive  and  the  most  dominant  parents, 
respectively.  Figure  70  shows  changes  in  the  dominance  ranking  order 
of  the  parents  between  the  two  locations.  Marquis,  the  most  recessive 
parent  at  Parkland,  (+,+  quadrant)  appears  to  contain  an  excess  of 
dominant  genes  at  Ellerslie  (+,-  quadrant)  while  Ciano  and  Inia, 
recessive  parents  at  Ellerslie  (-,+  quadrant)  appear  as  dominant  at 
Parkland  (-,-  quadrant).  Ranking  order  of  Khush-hal  and  Chinook  remain 
unchanged.  The  heritability  estimates  of  17.35%  at  Ellerslie  and  72.28% 
at  Parkland  show  that  the  character  is  highly  unstable.  This  unstability 
may  be  due  to  non-significance  of  genetic  components  of  variation  at 
Ellerslie  and  significance  of  environmental  components  of  variation 
at  both  locations . 

The  results  of  diallel  cross  analysis  from  Tables  78  and  79 
for  number  of  spikelets  per  spike  (Figures  71,  72) ,  number  of  seeds  per 
spike  (Figures  73,  74),  weight  of  seeds  per  spike  (Figures  75,  76)  and 
1000-kernel  weight  (Figures  77,  78)  may  be  interpreted  in  the  same  way 
as  number  of  tillers  per  plant.  Respective  changes  in  the  ranking  order 
of  parents  for  order  of  dominance  and  significance  or  non-significance 
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of  genetic  components  of  variation  over  the  two  locations  may  be 
interpreted  accordingly. 

In  case  of  yield  per  plant,  all  the  components  of  variation 
except  D  and  E  at  Ellerslie  and  E  at  Parkland  were  non-significant. 

The  proportional  values  of  the  genetic  parameters  given  in  Table  79 
therefore  do  not  carry  valid  conclusions.  The  ratio  [H  i  D]1^2  >  1 
at  Parkland  and  -  1  at  Ellerslie  suggests  over-dominance  and  nearly 
complete  dominance.  The  V ^  graph  (Figure  79)  shows  over-dominance 

at  both  locations  (the  regression  line  intersects  the  limiting  parabola 
below  the  origin).  The  correlation  coefficient  of  0.327  at  Ellerslie 
and  -0.594  at  Parkland  suggests  that  low  yielding  capacity  is  dominant 
over  high  yield  at  Ellerslie  and  vice  versa  at  Parkland.  Figure  79 
categorizes  Inia  and  Ciano  as  the  most  recessive  and  dominant  parents, 
respectively,  at  Ellerslie,  while  Marquis  and  Chinook  as  the  most 
recessive  and  dominant  parents,  respectively,  at  Parkland.  Figure  80 
suggests  that  the  highly  recessive  parent  at  Ellerslie  is  high  yielding 
(+,+  quadrant),  while  the  highly  recessive  parent  at  Parkland  is  low 
yielding  (-,+  quadrant).  Figure  80  also  reveals  changes  in  the 

ranking  of  parents  with  respect  to  their  order  of  dominance  at  both 
locations.  Khush-hal,  recessive  low-yielding  at  Ellerslie,  appears  to 
be  dominant  high-yielding  at  Parkland.  Marquis,  the  most  recessive 
parent  at  Parkland,  appears  comparatively  less  recessive  at  Ellerslie. 
Inia,  Chinook  and  Ciano  remained  unchanged.  Heritability  of  51%  at 
Ellerslie  and  -0.0005  -  0%  at  Parkland  suggests,  respectively, 

high  and  non-heri table  nature  of  yield.  This  reflects  the  inter-location 
environmental  effect  on  the  inheritance  of  yield. 
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GENOTYPE-ENVIRONMENT  INTERACTION 

This  section  of  the  experimental  results  deals  with 
the  comparison  of  the  estimates  of  factor  loadings,  general  combining 
abilities  and  genetic  components  of  variation  obtained  from  the  ana¬ 
lyses  of  four  diallel  sets  considered  over  two  locations. 

In  order  to  assess  the  stability  of  five  principal  factors 
with  respect  to  their  loadings  on  different  characters,  the  varimax 
rotated  factor  matrices  of  F  ,  F  ,  backcross  and  selfed  backcross 
diallel  sets  were  factorially  analysed  for  two  locations.  The  results 
of  analysis  of  variance  are  given  in  Table  80.  Significance  of  mean 
squares  for  principal  factors  (F)  and  Characters  (C)  (upper  part  of 
Table  80)  suggests  that  the  number  of  factors  required  to  explain  the 
variability  in  the  data  varies  with  the  number  and  the  degree  of  ex¬ 
pression  of  the  characters  under  study.  This  is  also  indicated  by 
significant  F  x  C  interaction,  which  implies  that  the  differences 
between  the  contributions  of  different  characters  to  factor  loadings 
vary  with  the  number  of  principal  components.  Significant  inter¬ 
location  effects  (L)  indicate  differences  in  scores  on  the  characters 
related  to  different  principal  components  at  different  locations. 
Significance  of  the  second  order  interaction,  L  x  F  x  C,  may  be  con¬ 
sidered  as  interactions  of  the  L  x  F  with  C,  L  x  C  v/ith  F,  or  of  F  x  C 
with  L.  Since  L  x  C  is  not  significant,  indicating  that  characters 
do  not  vary  with  locations ,  the  L  x  F  x  C  interaction  may  be  inter¬ 
preted  in  the  light  of  L  x  F  and  F  x  C  interactions  alone.  In  the 
first  case,  L  x  F  x  C  indicates  that  after  pooling  the  sum  of  squares 
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for  characters  into  error  sum  of  squares ,  the  values  of  factor 
loadings  vary  at  each  location, and  in  the  second  case ,  it  shows  that 
the  score  of  factor  loadings  on  each  character  varies  with  the  number 
of  principal  factors,  considered  independently  of  locations.  Similarly, 
significant  F  x  G  x  C  interaction  may  be  interpreted  considering  the 
interactions  of  F  x  G  with  C ,  F  x  C  with  G  and  G  x  C  with  F .  Since 
F  x  G  and  G  x  C  are  non-significant,  the  significance  of  F  x  G  x  C  in 
the  presence  of  a  significant  F  x  C  means  that  different  factor  loadings 
are  carried  by  characters  when  averaged  over  generations. 

Generations  do  not  seem  to  have  any  effect  on  the  factor 
loadings  nor  do  they  show  interaction  with  principal  factors ,  loca¬ 
tions  and  characters.  When  the  sum  of  squares  for  generations  are 
pooled  into  error  (lower  part  of  Table  80) ,  the  location  effects  are 
not  significant  but  the  principal  components  are,  with  significant 
L  x  F  interactions.  It  follows,  therefore,  that  though  on  the  average 
there  is  no  significant  location  effect,  the  L  x  F  interaction  is  sig¬ 
nificant.  Thus  the  contributions  of  different  factor  loadings  on 
different  characters  at  different  locations  are  not  the  same. 

The  factorial  analysis  of  variance  on  weighted  values 
for  general  combining  abilities  over  four  generations  and  two  locations 
is  given  in  Table  81.  Individual  GCA's  were  standardized  by  dividing  each 

value  of  a  particular  character  by  the  GCA,  averaged  over  four  generations 
and  two  locations,  for  that  character.  The  aim  of  such  standardization 

preceding  factorial  ANOVA  was  to  normalize  the  scales  for  different 
characters.  For  example,  heading  data  were  taken  in  number  of  days, 
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plant  height  was  measured  in  centimeters,  yield  per  plant,  weight 
of  seeds  per  spike  and  1000-kernel  weight  were  expressed  in  grams, 
and  number  of  tillers  per  plant,  number  of  spikelets  per  spike  and 
number  of  seeds  per  spike  were  scored  as  counts.  Thus  by  dividing 
the  GCA  of  each  character  by  its  mean  over  two  locations,  the  scale 
differences  were  removed  but  the  inter- location  differences  were 
preserved . 

The  first  part  of  Table  81  shows  a  three-way  layout 
analysis  of  general  combining  abilities  where  locations ,  parents  and 
generations  have  been  treated  as  main  effects.  None  of  the  mean 
squares  showed  significance.  This  means  that  parental  lines  did  not 
differ  in  their  general  combining  abilities  over  the  two  locations 
in  any  generation  of  the  dial lei  cross .  When  the  characters  were 
introduced  as  a  fourth  main  effect  by  analyzing  the  normalized  GCA's 
in  a  four-way  factorial  layout  (second  part  of  Table  81) ,  the  mean 
squares  for  P  x  C  and  L  x  P  x  C  interaction  were  significant.  This 
suggests  that  the  combining  ability  values  for  different  characters 
vary  with  the  number  of  parents  and  locations. 

It  is  interesting  to  note  that  after  introducing  charac¬ 
ters  as  separate  effects,  the  mean  squares,  either  for  generations  or 
any  of  the  interactions  involving  generations,  were  not  significant. 
This  indicates  that  generations  do  not  affect  GCA's  for  any  charac¬ 
ters  in  question.  The  significance  of  P  x  C  and  L  x  P  x  C  inter¬ 
actions  on  the  other  hand  provides  the  possibility  for  comparing 
which  of  the  parental  lines  for  their  relative  adaptability  is  more 


JS  ,-k  \  -  I 

■ 


185 


ft 

£ 

01 

•H 

o 

•H 

ft 

10 

CO 

ci 

00 

ft 

i — 1 

1 — 1 

VO 

VO 

CN 

01 

1 — 1 

1 — 1 

00 

o 

G! 

1 — 1 

o 

1 — 1 

00 

o 

• 

0 

0 

0 

0 

r* 

O 

1 — 1 

i — 1 

ft 

o 

0 

II 

II 

II 

II 

II 

-H 

01 

01 

0) 

ft 

ft 

ft 

ft 

ft 

ft 

01 

Cn 

01 

0) 

£ 

Ph 

i — 1 

£ 

i — 1 

O 

td 

01 

* 

* 

* 

* 

* 

•H 

ft 

0) 

* 

* 

* 

* 

* 

01 

£ 

ft 

* 

* 

* 

* 

* 

01 

01 

td 

H 

*3* 

04  i — 1 

CO 

oo 

CN 

ft 

VO 

VO 

01 

ft 

P 

00 

oo 

CN  P- 

CN 

in 

ft 

OO 

Cl 

00 

ft 

td 

d1 

00 

CN  10 

CN 

00 

CN 

00 

in 

Cn 

ft 

01 

IT) 

ON 

CO  ft 

P" 

in 

1 - 1 

1 - 1 

ft 

o 

01 

« 

0 

ft 

01 

£ 

O'- 

o 

CO  O 

CN 

o 

o 

o 

in 

o 

ft 

td 

W 

00 

VO 

VO 

ft 

- 

-P 

01 

1 — 1 

ft 

01 

£ 

< 

ft 

Cl 

o 

u 

ft 

'd 

o 

td 

01 

01 

£ 

fvJ 

0) 

ft 

td 

1 — 1 

in 

CN  LO 

VO 

’d1 

CN 

CO 

vo 

CN 

ft 

P 

00 

p- 

cn  r- 

CN 

CN 

ft 

ft 

01 

Cl 

tl 

td 

o 

Cd 

r- 

VO 

CN  OO 

'd* 

o 

CO 

00 

00 

VO 

ft 

01 

uo 

CO 

CO  oo 

CN 

1 - 1 

o 

ft 

ft 

£ 

ft 

P- 

i — 1 

CO 

. — 1 

CN 

O 

l — 1 

in 

o 

O 

O 

in 

00 

VO 

VO 

p» 

ft 

•H 

i — ! 

1 — 1 

0 

to 

g 

CO 

P 

CD 

<11 

C/1 

o 

ft 

rj 

Cn 

cd 

CD 

•H 

ft 

ft 

# 

td 

“ 

Ph 

i — 1 

CO 

H 

CO 

f - 1 

CO 

i — 1 

00 

i — 1 

00 

> 

to 

< 

Q 

ft 

CJ 

0 

o 

CO 

CD 

•H 

£ 

CO 

i — ! 

O 

£ 

£ 

£ 

£ 

£ 

>1 

to 

•H 

O 

O 

O 

O 

0 

1 — 1 

ft 

ft 

•H 

-H 

•H 

-ft 

td 

CD 

td 

to 

CO 

01 

to 

01 

1 — 1 

£ 

rH 

CO 

to 

01 

to 

01 

CD 

i — 1 

ft 

CD 

ft 

CD 

ft 

Q) 

ft 

CD 

ft 

01 

ft 

> 

H 

td 

ft 

0 

ft 

0 

ft 

o 

ft 

o 

ft 

0 

01 

> 

Cn 

ft 

Cn 

ft 

Cn 

ft 

Cn 

ft 

Cn 

ft 

1 - 1 

£ 

CD 

ft 

CD 

ft 

CD 

ft 

01 

ft 

CD 

ft 

O 

ft 

ft 

01 

ft 

01 

ft 

CD 

ft 

CD 

ft 

01 

d° 

Oh 

o 

rH 

P 

O 

o 

O 

o 

O 

o 

0 

0 

O 

o 

0 

CD 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

o 

o 

ft 

(D 

CD 

CD 

01 

CD 

0) 

CD 

01 

01 

CD 

ft 

p 

P 

P 

P 

p 

P 

p 

P 

p 

p 

p 

td 

0 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

co 

ft 

£ 

td 

o 

•H 

I — 1 

ft 

td 

•H 

to 

ft! 

,£ 

£ 

ft 

O 

l 

Cn 

£ 

£ 

0 

,£ 

O 

*H 

CD 

d1 

£ 

to 

£ 

td 

CO 

ft 

ft 

•H 

P 

td 

* 

td 

to 

Si 

& 

-ft 

£ 

* 

Ac 

£ 

U 

O 

M 

* 

.  • 


■ 


. 


\ 


186 


adaptive.  For  this  purpose  the  GCA's  for  all  the  characters 
(averaged  over  all  generations)  at  Parkland  were  regressed  for  each 
of  the  parental  lines  upon  those  atEllerslie.  The  regression  coef¬ 
ficients  and  the  sums  of  squares  due  to  regression  and  error  parti¬ 
tioned  for  each  cultivar  are  given  in  Table  82.  It  may  be  pointed 
out  that  unweighted  GCA's  (original  values)  were  used  in  regression 
analysis  since  the  effect  of  change  in  the  degree  of  expression  of 
one  character  relative  to  the  other  can  be  studied  regardless  of  the 
unit  of  scale  used.  Significance  of  mean  squares  due  to  regression 
(Table  82)  indicates  that  for  every  unit  of  change  in  GCA's  at 
Ellerslie  there  is  a  corresponding  proportional. change  for  the 
corresponding  GCA's  at  Parkland. 

The  genetic  components  of  variation  (from  unadjusted 
treatment  means)  D3  F  and  H ^  were  considered  themselves  as  variables 
and  factorially  analysed  over  generations  and  locations  in  order  to 
study  their  consistency  over  the  two  environments.  Before  performing 
the  factovia'l  ANOVA3  the  values  of  genetic  components  for  each  charac¬ 
ter  were  standardized  at  each  location.  Thus,  each  D  value  was  divided 


by  the  7  for  the  same  character,  generation  and  location.  Similarly, 

F's  were  divided  by  their  corresponding  mean  covariances  ( ^OLOl  Fn  F1 

diallel,  ¥.r/.n  in  and  backcross  diallels  and  Wnrn„  in  the  selfed 

backcross  diallel)  and  E^'s  by  their  respective  mean  variances  ( V-jri 

in  F  diallel,  7,  0  in  F  and  backcross  diallels  and  77  „  in  the  selfed 
1  1LZ  2  ILo 

backcross  diallel).  Thus,  for  example,  the  F  for  number  of  tillers  per 
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plant  at  Ellerslie  in  the  selfed  backcross  diallel  set  of  Table  78 
was  divided  by  the  corresponding  V q-^q^  from  Table  77  (at  Ellerslie) 
as  follows:  -0.4873  1  0.6890  -  -0.7072. 

The  process  of  standardizing  the  scale  is  analogous  to 
Allard's  technique,  where  prior  to  factorial  AN OVA ,  each  variance  and 
covariance  was  divided  by  Vq-^q  °f  the  respective  block  for  that  charac¬ 
ter  (Allard  1956;  Crumpacker  and  Allard  1962) .  In  the  present  study 
additive  [D] ,  dominance  [H^]  and  additive  x  dominance  [F]  components 
are  subsequently  considered  separately  and  analysed  independently 
for  their  stability  over  generations  and  locations..  The  reciprocals 
of  the  variances  of  the  parents  of  the  array  mean  variances  and  of 
the  array  mean  covariances  were  used  as  weights  in  standardising  the 
values  of  D's,  H^'s  and  F's  respectively.  The  use  of  these  different 
multipliers  in  normalizing  the  scale  effects  preserved  the  order  of 
magnitude  of  respective  parameters.  The  factorial  AN0VA  on  the  weighted 
values  of  D's,  H' s  and  F's  is  given  in  Table  83.  The  results  show  that 
additive  effects  of  the  genes  (component  D)  are  the  same  for  two  loca¬ 
tions.  Dominance  gene  effects  (component  Hf  and  additive  x  dominance 
effects  (component  F)  differ  significantly  at  the  two  locations.  On 
the  whole,  generations  do  not  seem  to  affect  the  values  of  genetic 
components  of  variation.  Significant  mean  squares  for  locations  with 
respect  to  H and  F  raise  the  question  of  the  heterogeneity  of  loca¬ 
tion  effects  on  the  parameters  in  different  generations.  To  answer 
this,  the  unweighted  values  of  D's,  H^'s  and  F's  at  Parkland  were 
respectively  regressed  for  each  generation  upon  those  of  Ellerslie,  and 
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Analysis  of  variance  of  regression  of  genetic  components  .of  variation 
of  Parkland  upon  those  of  Ellerslie  for  each  generation. 


189 


o 

CO 

CO  ro 

o 

o 

O 

CN 

ro 

CO 

r- 

o 

LO 

09  ro 

CO 

i — 1 

09 

o 

o 

CO 

ro 

09 

in 

09  O 

C9 

co 

09 

ro 

ro 

CT i 

ro 

o 

CO 

O  CN 

09  tO 

CN 

O 

o 

CN 

09 

o 

C9 

o 

O')  U> 

09 

to 

09 

to 

LO 

CN 

CO 

to 

m 

ro 

rH  CO 

U9  tO 

09 

rH 

CN 

o 

\o 

09 

o 

09  O 

G9 

o 

09 

o 

09 

CD 

09 

CO 

09 

09  O 

09  ^ 

00 

in 

O0 

ro 

ro 

o 

rH 

O  rH 

o 

1 — 1 

o 

rH 

o 

o 

o 

1 — 1 

o 

CN 

O  rH 

o  o 

O 

1 

rH 

1 

o 

O 

O 

o 

li 

n 

ii  it 

n 

II 

II 

0 

n. 

n 

B 

B 

B 

B 

II  II 

II  II 

II 

li 

B 

B 

b 

II 

it 

-o 

St  fQ 

St 

rQ 

St 

ft) 

St 

rCl 

it 

tO 

St 

rQ 

St  rQ 

P.  fQ 

St 

rCl 

St 

rQ 

St 

* 

-X 

-X 

•X 

* 

* 

■X 

•X 

X 

-X 

-X 

-X 

* 

■X 

•X 

* 

-X 

-X 

-X 

0 

-X 

-X 

-X 

* 

-X 

-X 

•X 

■X 

■X 

0 

O 

co 

09 

ro 

rH 

CN 

to 

to 

CO 

00 

CN 

O 

r- 

o 

in 

09 

to 

CN 

o 

0 

in 

CO 

O 

o 

CO 

ro 

CD 

in 

ro 

tO 

> 

VO 

09 

CO 

1 — 1 

rH 

o 

CO 

CN 

co 

co 

• 

# 

• 

• 

• 

• 

• 

• 

• 

fri 

CO 

cn 

r- 

r—i 

rH 

rH 

■vF 

09 

o 

1 — 1 

na 

o 

r- 

09 

in 

CD 

09 

09 

CO 

CO 

LO 

m 

m 

CN 

CO 

CO 

co 

09 

cn 

CO  CN 

in 

r — 1 

to 

CTi 

LO 

CN 

09 

o 

<n 

r-> 

to  CO 

ro  in 

09 

CO 

r-. 

0 

CN 

C9 

VO  00 

ro 

ro 

CN 

i — i 

to 

<79 

GO 

o 

00 

to  CN 

"‘J’  r- 

rH 

ro 

•nJ1 

u 

CM 

09 

to  to 

i — i 

CO 

CN 

00 

in 

CN 

1 — 1 

CO 

o 

in  in 

r-  in 

CN 

rH 

CN 

09 

ro 

0 

0 

m 

09 

r-  rH 

r*' 

to 

CTv 

CTv 

r- 

CO 

rH 

CO 

ro 

i — 1  LO 

09  o 

rH 

rH 

09 

ro 

to 

H 

o1 

cn 

CN  *3*  . 

r* 

09 

CTi 

CO 

CN 

CO 

rH 

in 

a> 

in 

CN  O 

CN  o 

o 

CO 

o 

co 

o 

C/9 

in 

N1 

cr>  to 

Q 

N1 

in 

ro 

rH 

O 

< — 1 

ro 

rH  rH 

i — i  t — i 

09 

09 

rH 

to 

r- 

CN 

ro 

in 

o 

to 

N1 

CO 

0 

CO 

CO 

GO 

rH 

CN 

CN 

rH 

0 

CN 

CN 

CN 

cq 

0) 

CN 

cn 

CN 

CN 

S 

d 

P 

i — ! 

CO 

rH  CO 

rH 

00 

rH 

00 

»H 

CO 

rH 

CO 

rH 

CO 

1 

8 

rH  CO 

rH 

CD 

•  1 

CO 

1 — 1 

CO 

G 

o 

g 

G 

g 

a 

G 

G 

G 

G 

G 

G 

0 

c: 

-H 

o 

O 

o 

o 

O 

O 

O 

O 

O 

O 

o 

o 

-P 

*H 

*H 

•H 

•H 

•H 

•H 

-H 

*H 

*H 

*H 

•H 

0 

01 

05 

10 

CO 

CO 

CO 

CO 

co 

CO 

m 

CO 

m 

'H 

0) 

0 

CO 

CO 

(0 

CO 

CO 

CO 

CO 

co 

CO 

co 

P 

0 

g 

<D  G 

0 

G 

0) 

Pi 

0 

SH 

0 

Pi 

<D 

G 

Q)  G 

ai  g 

<0 

G 

0 

u 

0 

p 

0 

g 

o 

G  O 

G 

o 

g 

o 

G 

o 

M 

O 

Pi 

O 

G  O 

G  o 

G 

0 

p 

o 

u 

o 

> 

to 

g 

tr>  G 

tr 

g 

to 

G 

tr 

u 

tr» 

H 

CT 

G 

&>  PI 

CD  G 

CJi 

G 

tr> 

p 

tn 

p 

0 

P 

O  G 

0 

G 

os 

G 

0 

M 

0 

Pi 

0 

G 

0)  G 

0)  G 

<u 

G 

0 

p 

O 

P 

MH 

n 

g 

0 

g  a> 

G 

0) 

G 

0 

G 

as 

Pi 

0 

w 

0 

G  OS 

G  as 

G 

0 

G 

0 

G 

0 

o 

0 

O  0 

o 

o 

O 

o 

O 

o 

O 

O 

o 

O 

o  o 

o  o 

O 

O 

o 

o 

o 

o 

0 

o 

-p 

4-> 

-p  p) 

P> 

p> 

-  +J 

4J 

P> 

4J 

-P 

+J 

HJ 

+» 

-p  -p 

p  -p 

+J 

•P 

-p 

+1 

-p 

pi 

p 

o 

<0 

0  0 

<2) 

0 

0) 

0 

0) 

0 

fli 

0 

0 

-0 

0  0 

0  0 

0 

a> 

0 

0 

0 

0 

0 

P 

0 

0  0 

0 

0 

p 

0 

0 

0 

P 

P 

0 

P 

d  0 

0  0 

0 

0 

p 

p 

p 

0 

o 
c n 

Q 

P 

p  a 

a 

p 

Q 

p 

Q 

Q 

P 

P 

P 

P 

a  a 

a  p 

P 

p 

p 

p 

p 

p 

rH 

rH 

| 

0) 

1  o 

1 

c 

i — 1 

M  r~i 

Ky* 

o 

rH 

iH 

O 

rH 

rH 

rH 

O  rH 

rH 

rH 

O 

0 

0) 

CO 

0 

0 

0 

0) 

CO 

(TS  ft! 

a> 

a> 

CO 

0 

-P 

i — J 

rH 

CO 

n 

•H 

rH 

rH 

m 

tl  -rH 

i — 1 

rH 

m 

rQ 

0 

• — 1 

rH 

o 

i — 1 

nO 

i — 1 

rH 

o 

rH 

nj 

i — 1 

i — l 

o 

H 

g 

0 

0 

G 

0) 

'd 

0 

0 

Pi 

0 

T) 

cO 

0 

p 

0 

ntf 

0 

•H 

*H 

o 

1 — i 

cu 

05 

*H 

*H 

u 

i — 1 

0  CO 

-H 

•H 

o 

rH 

O 

CO 

g 

r0 

a: 

rH 

4-i 

09 

■a 

a; 

rH 

MH  CO 

ntf 

■u 

M 

4-1 

in 

0 

a 

0 

rH 

o 

O 

0 

rH  O 

O 

d 

rH 

Q 

u 

i — 1 

CN 

0 

*H 

0 

G 

i — 1 

CN 

0 

•H 

0  H 

rH 

CN 

rtf 

•H 

0 

p 

P‘4 

fa 

m 

ts 

CO 

o 

P‘4 

1X4 

m 

n3 

CQ  U 

[X4 

Ut 

m 

T3 

09 

o 

as 

a 

G 

0 

G 

-iH 

‘ - 1 

g 

f— 1 

Cl 

TS  Ct, 

' - ' 

V— J 

« - « 

+j 

P 

© 

+i 

X  +J 

a 

a) 

G 

o 

G 

as  G 

0 

> 

0 

G 

<u 

>  a) 

g 

•H 

a 

0 

G 

•H  0 

o 

pi 

o 

G 

O 

-P  o 

a, 

-H 

ct 

g 

g 

g 

rd  g 

o 

r) 

o 

o 

o 

o 

o 

< 

D 

u 

ft,  u 

***Significant  at  0.01%  level 


■ 

- 

' 


■ 

' 

‘ 


190 


the  sum  of  squares  of  deviations  were  partitioned  Into  variation  due 
to  regression  and  remainder  (error).  Extremely  high  variance  ratios 
( iable  84)  for  the  parameters  D  and  and  close  agreements  between 

the  coefiicients  of  correlation  and  regression,  both  in  sign  and 
magnitude,  indicate  stability  of  these  parameters  over  the  two  loca¬ 
tions.  The  case  of  parameter  F  is  rather  confusing.  The  diallels 
based  on  backcross  and  selfed  backcross  generations  show  a  lack  of 
correspondence  between  F  values  at  the  two  locations  (variance  ratio 
for  regression  non-significant) .  This  may  be  ascribed  to  a  change  of 
relationship  between  additive  and  dominance  gene  effects  (F  =  'Ldh) 
caused  by  altered  environmental  conditions.  A  more  drastic  relational 
change  is  that  between  the  F  and  F2  generations  of  the  diallel  sets 
(f  —  0.95,  b  =  0.47  and  v  =  -0.89,  b  =  -1.44,  respectively) .  It  is 
rather  difficult  to  think  of  a  logical  explanation  for  this  reversed 
relationship . 


Since,  on  the  whole,  generation  did  not  significantly 
affect  the  genetic  components  of  variation,  their  estimates  were 
obtained  by  solving,  least-square-wise,  the  following  system  of 
linear  equations,  where  the  known  terms,  i.e,,  the  array  variances 
and  covariances  for  a  given  generation  were  obtained  by  using  adjusted 


treatment  means  from  analysis  of  variance  as  a  partially  balanced 


lattice  design: 

(Parents) :  D  +  E  -  V 


0L0 


d. 


diallel: 


(1/2) D  -  C1/4JF  +  a/S)E  -  WQL01  =  d2 


, 

I 


- 

■ 


. 


. 


\  \  Jj 


■ 


Components  of  genetic  variation  obtained  from  statistics  based  on  adjusted  treatment  means 
for  ten  characters  over  four  generations  at  two  locations . 
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(1/4)D  -  C1/4)F  +  (1/4.)  E  +  (3/5)E  -  V1r1  =  d„ 

1  1L1  6 

Cl/ 4) D  -  C1/4JF  +  Cl/4)H1  -  (1/4)H2  +  (1/10)E  -  V QL1  =  d 

F  diallel:  (1/2) D  -  (1/8)F  +  Cl/5)E  -  Wnrnn  =  dc 

^  UL02  5 

(1/4) D  -  (1/8 )F  +  (1/16)H  +  (3/ 5)E  -  I'  -  d0 

1  1 LZ  o 

(1/4JD  -  (1/8)F  +  C1/16)H1  -  (1/16)H 
+  Cl/10 )E  -  V0L2  =  d? 

Backcross 

diallel:  (1/2)D  -  (1/8)F  +  (1/5)E  -  Wnrno  =  dQ 

ULU  Z  o 

(1/4) D  -  (1/ 8)F  +  (1/16)E  +  (2/ 5) E  -  V1I2  =  dg 

(1/ 4)D  -  (1/8)F  -t  ( 1/16)E1  -  (1/16)H 
+  C?/100)E  -  VgL2  =  d1Q 

Selfed  backcross 

diallel:  (1/2)D  -  (1/16)F  +  (1/5)E  -  Wnrn„  =  cL, 

U  L  (Jo  11 

(1/ 4)D  -  (1/16 )F  +  (1/32) H1  +  ( 2/5)E  -  V1T„  -  d1t) 

1  1  Liu  1  Zi 

C1/41D  -  (1/161F  +  C1/32)H1  -  (1/32)H 
F  C7/100)E  -  VQLZ  =  d13 

In  this  system  of  equations  dv_1  9  denotes  the  difference  bet- 

ween  the  expected  and  observed  values  of  the  kVa  statistic.  The  en¬ 
vironmental  component  of  variation  ( E)  was  accounted  for  by  using  the 
multiplier  {1/2)  when  F ^  and  F  generations,  and  (1/4)  when  backcross 
and  selfed  backcross  generation  diallel  sets  were  considered  (Hayman 
19581  .  The  solutions  of  this  system  of  equations  for  the  various 
components  of  variation  are  shown  in  Table  85.  Error  terms  were 
calculated  in  a  manner  usual  to  the  unweighted  least  square  solution, 
i.e.  as  ±  (Zd-,o..  4  DF )  ,  where  o..  is  the  appropriate  term  on  the 

^  rC  U  is  Lsis 

main  diagonal  of  the  variance-covariance  matrix  of  the  coefficients, 
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and  D.F.  -  13  -  5  =  8  (thirteen  equations,  five  fitted  parameters). 
For  one  set  of  paradoxical  results  (significant  negative  values  of 

H j  anc^  2  f°r  yield  per  plant  at  Parkland)  ,  the  source  of  error 
could  not  be  determined. 


The  proportional  estimates  of  genetic  parameters  obtained 
from  Table  85  are  given  in  Table  86.  The  data  indicate  that  all 


characters  are  inherited  as  over-dominant  traits  at  both  locations, 
except  ior  weight  of  seeds  per  spike  at  Ellerslie  which  showed  nearly 
complete  dominance,  i.e.  ~  D)  ^  -  1.  Moreover  [ (1/4DH +  F] 
f  K1/4DH 2)  -  F]  >1  in  all  cases,  except  for  plant  height  at  both 

locations  and  yield  per  plant  at  Parkland ,  suggests  strongly  a  pre¬ 
ponderance  of  dominant  genes  in  the  parents.  When  valid,  (H  i  4H  ) 
was  found  to  be  less  than  0.25,  indicating  thus  a  certain  degree  of 


numerical  asymmetry  of  alleles  with  positive  and  with  negative  effects 
at  loci  showing  dominance.  Heritability  values  in  all  cases  were  low, 
the  maximum  being  40.26%  (1000-kernel  weight  at  Parkland) . 

The  results  of  Table  86  when  compared  with  those  of  Tables 


20,  39,  60  and  79  show  the  effect  of  the  adjustment  factor  characteris¬ 
tic  of  incomplete  block  designs.  In  the  latter  Tables,  where  genetic 
parameters:  have  been  estimated  from  analyses  of  F^ ,  F  ,  backcross  and 
selfed  backcross  diallel  sets  of  unadjusted  treament  means  (treated 

as  randomized  block  design)  ,  the  values  of  (H  v  3  (H  -f  4H  ) 

1  2  1 

2 /2  7/0 

and  [ ( 4DH ^ )  +  i ]  —  [( 4DH -  t]  show  a  wide  range  of  variation 

from  partial  dominance  to  overdominance,  from  a  fully  symmetrical  dis¬ 
tribution  of  alleles  with  positive  and  negative  effects  to  strong 
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asymmetry,  and  from  equal  to  unequal  proportions  of  dominant  to 
recessive  alleles  in  the  parents.  Table  86  on  the  other  hand  shows 
that  these  ratios,  especially  those  for  valid  parameters  (*  in  Table  85) , 
are  more  stable  over  characters  since  over -dominance  in  inheritance, 
asymmetry  of  alleles  at  loci  exhibiting  dominance,  and  inequality  in 
the  proportions  of  dominant  and  recessive  alleles  are  constant  features 
of  the  concerned  characters. 

The  regression  analysis  of  genetic  components  of  variation 
Dj  H i  and  F  for  Ellerslie  and  Parkland,  obtained  first  from  unadjusted 
treatment  means  (randomized  block  design)  averaged  over  generations, 
and  then  from  adjusted  treatment  means  of  Table  .85,  is  given  in  Table  87. 
The  purpose  of  this  analysis  was  to  see  whether  there  is  concordance 
between  the  values  of  parameters  evaluated  from  the  data  at  the  two 
locations  separately.  The  results  given  in  Table  87  show  a  good 
agreement  in  this  respect  between  locations.  Parameters  D  and  F  eva¬ 
luated  from  array  variances  and  covariances  from  unadjusted  treatment 
means  show  the  same  rates  of  change  from  character  to  character  at  the 
two  locations  0-1).  For  H this  change  is  b  =  1,32  at  Parkland  for 
unit  change  at  Ellerslie.  With  adjustment  of  treatment  means  the  situa¬ 
tion  is  changed,  so  that  for  unit  change  at  Ellerslie  there  is  a  change 
of  b  =  0.38  for  D  and  b  =  2.67  for  F  at  Parkland.  The  corresponding 
change  for  E '  is  less  pronounced  ( b  =  1.32)  without  adjustment  as  com¬ 
pared  to  b  =  1.42  with  adjustment. 

The  relationships  between  the  two  locations  in  regard  to 
changes  in  D3  and  F  for  the  various  characters  are  shown  graphically 
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in  Figure  81.  The  scatter  of  the  intercept  points  around  the 
regression  lines  shows  that  there  are  considerable  discrepancies 
between  the  two  locations.  The  points  of  intercepts  for  plant  height 
are  not  shown  in  the  graphs  because  of  very  high  values  of  the  components 
which  far  exceeded  the  boundaries  of  the  graphs.  Therefore  the  coef¬ 
ficients  of  regression  were  recalculated  excluding  plant  height.  It  is 
rather  difficult  to  determine  either  from  the  regression  analysis  of 
Table  87  or  from  the  graphs  whether  and  by  how  much  the  use  of  adjusted 
treatment  means  has  improved  the  estimates  of  the  parameters.  Hence  it 
is  not  possible  to  assess  the  parametric  relationships  within  and  between 
the  characters  and  within  and  between  the  locations  or  environments. 
Nevertheless,  looking  at  the  graphs  of  the  parameters  derived  begining 
with  the  adjusted  treatment  means,  one  would  be  rather  strongly  inclined 
to  conclude  that  the  adjustment  of  means  has  considerably  improved  the 
degree  of  concordance  between  the  two  locations  with  respect  to  parameters . 
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DISCUSSION 


The  F^,  F  ,  backcross  and  selfed  backcross  generations 
°f  five  parent  diallel  cross  of  common  wheat  ( Tvi-ti-cum  aestivum  L.) 
were  grown  in  1972  at  two  locations  and  the  data  obtained  was  ana¬ 
lysed  with  respect  to  correlation  between  the  characters,  principal 
factors ,  general  and  specific  combining  abilities ,  genetic  components 
of  variation  and  environmental  effects .  The  experimental  design  used 
was  a  partially  .oalanced  triple  lattice.  However,  most  of  the  analyses 
were  carried  out  both  as  a  complete  randomized  block  design  and  as  a 
lattice  design.  The  results  obtained  are  discussed  in  sequel. 

Correlation  and  factor  analyses .  Among  the  characters  considered 
in  this  study,  yield  of.  grain  per  plant  is  agronomically  the  most 
important.  Therefore  the  knowledge  of  its  correlation  with  other 
characters  is  of  importance  from  a  theoretical  and  a  practical  point 
of  view.  The  results  of  the  correlation  analyses  of  F^ ,  F  ,  backcross 
and  selfed  backcross  diallel  sets  are  given  in  Tables  2,  21,  42,  and  61. 
These  results  show  that  early  maturing  entries  have  produced  high  yields 
and  the  late  maturing  ones  low  yields  of  grain  per  plant.  As  expected, 
there  was  a  positive  correlation  between  yield  per  plant  and  most  of  its 
subcharacters  or  components.  A  strong  positive  association  was  found  to 
exist  between  the  subcharacters ,  number  of  tillers  per  plant,  weight  of 
seeds  per  spike  and  1000-kernel  weight  with  yield  per  plant.  The  com¬ 
ponents,  number  of  spikelets  per  spike  and  number  of  seeds  per  spike  were 
not  correlated  with  yield  at  either  location  in  F^  (Table  2)  but  were 
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positively  correlated  in  the  other  generations  of  diallel  cross 
either  at  both  locations  (Table  21)  or  at  one  of  them  (Tables  42 
and  61) .  There  was  no  correlation  between  yield  and  plant  height. 

The  degree  of  expression  of  metrical  characters  (phenotypes) 
depends  both  on  the  genotypic  constitution  of  the  parents  and  the  environ¬ 
mental  conditions  under  which  the  experimental  materials  are  grown. 
Therefore  the  comparison  of  results  obtained  by  various  researchers 
using  different  sets  of  parents  and  carried  out  under  different  environ¬ 
mental  conditions  lead  only  to  non-related  or  loosely- related  general 
information.  For  example,  Lee  and  Kaltsikes  (1973)  working  with  durum 
wheat  in  Winnipeg  have  found  that  the  characters  days- to-maturity  and 
yield  per  plant  were  positively  correlated  in  both  the  and  the  F^ 
generations  of  a  10  x  10  diallel  cross,  whereas  in  the  present  study 
of  all  the  generations  of  diallel  cross  the  correlation  was  negative. 

On  the  other  hand,  Hsu  (1970)  has  found  that  in  the  F^  generation  of 
a  five-parent  diallel  cross  of  common  wheat  there  was  no  correlation 
between  authesis  date  (final  heading)  and  yield  per  plant,  a  result 
similar  to  that  found  in  the  present  case  at  Parkland.  Although  Hsu 
has  conducted  his  study  in  Edmonton,  the  two  experiments  were  spaced 
in  time,  and  except  for  Inia,  the  parental  lines  used  were  different. 

The  significant  positive  association  of  yield  per  plant  with  its  com¬ 
ponents  found  in  this  study  was  also  observed  in  the  works  of  Johnson 
and  Schmidt  (1968) ,  Smocek  (1969) ,  Lebsock  and  Amaya  (1969) ,  Hsu  and 
Walton  (1970),  Kaltsikes  and  Lee  (1971),  Lee  and  Kaltsikes  (1973)  and 
Chebib  et  dl  (1973) .  The  absence  of  correlation  between  plant  height 
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and  yield  per  plant  in  the  present  study  was  also  observed  by  Kaltsikes 
and  Lee  (1971)  and  Chebib  et  at  (1973) .  These  results  are  in  disagree¬ 
ment  with  those  of  some  other  experiments  [Lebsock  and  Amaya  (1969) , 
Kaltsikes  and  Larter  (1970)  and  Lee  and  Kaltsikes  (1973)]. 

The  relationship  between  individual  characters  is  rather 
complicated.  Therefore  the  data  were  subjected  to  factor  analysis. 

This  analysis  provides  information  on  contributions  of  independent 
variables  relative  to  those  of  dependent  ones.  The  results  of  the 
factor  analysis  of  F  ,  backcross  and  selfed  backcross  data  obtained 

for  two  locations  are  shown  in  Tables  3,  22,  43  and  62,  and  the  prin¬ 
cipal  factors  have  been  interpreted  earlier.  The  first  principal 
factor ,  lateness,  has  negative  loading  for  yield  per  plant  and  the 
highest  positive  loading  for  onset-of-heading  and  final  heading.  This 
confirms  the  conclusion  arrived  at  earlier,  that  the  majority  of  late- 
heading  entries  have  produced  low  grain  yields  per  plant.  The  degree 
of  expression  of  heading-span  was  found  to  be  correlated  with  final 
heading  but  not  with  onset-of-heading.  It  was  not  correlated  with 
yield  in  F  and  F ^  but  was  positively  associated  with  it  in  backcross 
and  selfed  backcross  data.  This  inconsistency  suggests  that  heading- 
span  is  not  one  of  the  characters  affecting  yield  per  plant.  In  fact 
the  factor  analyses  based  on  the  F  ,  F2  backcross  and  selfed  backcross 
diallel  sets  have  revealed  positive  factor  loadings  for  heading-span 
and  negative  ones  for  yield.  It  follows  therefore  that  positive  cor¬ 
relations  of  heading-span  with  yield  per  plant  at  Parkland  in  the 
backcross  and  selfed  backcross  diallel  sets  does  not  necessarily  imply 
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a  cause-and-ef f ect  relationship,  and  may  in  fact  be  attributed 
to  strong  environmental  influence  upon  particular  entries  of  the 
diallel  table. 

The  second  principal  factor,  termed  differently  in 
different  generations,  carried  the  highest  loadings  for. number  of 
spikelets  per  spike,  number  of  seeds  per  spike  and  weight  of  seeds 
per  spike  except  the  backcross  diallel  at  Parkland  (Table  43) ,  for 
which  plant  height  had  the  highest  loading.  A  similar  situation  was 
observed  with  respect  to  principal  factors  3,  4  and  5  which  had  their 
highest  loadings  from  different  characters  in  different  generations 
of  the  diallel  cross.  Thus  it  appears  that  different  factors  operate 
differently  in  different  populations  (generations)  though  they  share 
the  same  gene  pool. 

Combining  ability  analyses .  The  results  of  the  analyses  of  data 
for  general  and  specific  combining  abilities  with  respect  to  the 
characters  considered  have  shown  that  the  parents  with  high  GCA's  do 
not  necessarily  produce  hybrids  with  high  SCA ' s .  The  comparisons  of 
GCA's  with  SCA's  for  all  the  generations  and  characters  are  collected 
in  Table  88.  Of  all  the  comparisons,  eighty  to  be  exact,  84%  consti¬ 
tute  cases  in  which  high  SCA's  are  associated  with  one  or  both  parents 
having  low  GCA's,  and  vice  versa.  These  observations  are  in  agreement 
with  those  reported  by  Crump acker  and  Urquhart  (1962)  ,  Fonseca  (1965) , 
Brown  et  al  (1966),  Gyawalli  et  al  (1968)  and  Singh  et  al  (1969)  in  wheat. 
Analogous  results  have  been  observed  by  Larson  (1941)  in  tomatoes,  and 


Summary  of  the  results  of  general  and  specific  combining  ability  analyses 
showing  that  the  hybrids  with  highest  SCA's  are  associated  with  parents  of  low  GCA's  and  vice  Verna 
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(+)  and  (-)  signs  indicate,  respectively,  affirmation  and  contradiction  of  the  statements. 

The  first  position  of  (+)  or  (-)  refers  to  Ellerslie  and  the  second  to  Parkland. 

* {t)  sign  characteristic  of  the  location  shows  disagreement  of  the  proposition  made  in  the  text 
FI,  F2  BO  and  B1  refer  to  F, ,  F  ,  backcross  and  selfed  backcross  generations  of  diallel  set. 
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by  Walker  (1963),  Chang  (1967),  Soomro  (1967),  Baluch  and  Soomro  (1969) 
and  Soomro  and  Baluch  (1969)  in  cotton.  On  the  other  hand  Kime  (1950) 
and  Hawkins  et  at  (1965)  working  with  cotton  have  found  that  GCA  and 
SCA  were  positively  correlated  so  that  the  present  results  are  in  con- 
radiction  to  their  reports . 

Significant  variances  of  general  and  specific  combining 
abilites  for  a  particular  character  denote,  respectively,  the  importance 
of  additive  and  non-additive  gene  effects  for  that  character.  If  the 
variance  for  specific  combining  ability  for  a  particular  character  is 
significant  and  that  for  general  combining  ability  is  not,  selection 
for  the  character  will  be  on  the  basis  of  SCA.  On  the  other  hand,  high 
SCA  variances  associated  with  a  particular  parent,  even  if  it  has  high 
GCA,  reflect  an  insonsistency  in  the  performance  of  that  parent  with 
respect  to  the  particular  character  (Griffing,  1956)  and  indicate  that 
the  hybrids  involved  with  that  parent  would  perform  poorer  than  would 
be  expected  on  the  basis  of  their  specific  combining  abilities.  It 
follows  therefore  that  in  combining  ability  screening  tests  a  pedigree 
selection  procedure  would  be  expected  to  screen  out  the  strains  with 
considerably  larger  SCA  variances. 

In  the  present  studies  variances  of  general  combining 
ability  were  generally  larger  than  those  of  specific  combining  ability 
for  all  characters,  and  diallel-set  generations  at  both  locations 
(Tables  5  to  14,  24  to  33,  45  to  54  and  64  to  73) .  There  were  a  few 
cases  where  the  estimates  of  SCA  variances  were  higher  than  those  for 
GCA's,  but  the  magnitudes  of  their  differences  were  negligible.  This 
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would  indicate  a  high  consistency  of  performance  of  the  parental  lines 
an  observation  which  may  also  be  generally  verified  by  their  general 
combining  ability  values  (Tables  4,  23,  44  and  63),  and  more  speci¬ 
fically  from  the  results  of  Table  82.  The  significance  of  variances 
for  general  and  specific  combining  abilities  were  examined  from  Tables 
15,  34,  55  and  74.  In  general,  the  mean  squares  for  GCA  were  signi¬ 
ficant  for  all  characters  except  heading-span  and  yield  per  plant  at 
one  or  both  the  locations.  Such  significances  of  GCA  mean  squares  are 
not  uncommon  in  wheat  (Brown  et  al  1966,  Fonseca  1965,  Paroda  and 
Joshi  1970a,  Parodi  et  al  1970  and  Bitzer  et  al  1971) .  Mean  squares 
for  SCA  were  significant  only  for  a  few  characters . 

It  may  be  poinued  out  that  a  high  general  combining  ability 
for  some  characters  as  for  example  onset-of-heading  and  final  heading 
may  not  be  desirable  under  certain  circumstances.  High  GCA  for  these 
characters  implies  lateness ,  so  that  when  selecting  for  earliness , 
lines  with  the  lowest  GCA's  must  therefore  be  given  priority.  In  the 
present  study  Ciano  and  Inia  had  the  lowest  GCA's  for  heading  data, 
and  consequently  selection  from  their  progenies  is  expected  to  result 
in  early  lines.  Plant  height  is  another  character  for  which  the  selec¬ 
tion  of  wheat  cultivars  with  low  GCA's  may  be  desirable. 

Drallel  cross  analysis.  The  analysis  of  variance  of  diallel  tables 
according  to  Hayman  (1954a)  gave  a  component  significances  (for  additive 
gene  effects)  in  all  generations  of  the  diallel  cross  (Tables  16,  35,  56 
and  75)  for  all  the  characters  except  heading-span  and  yield  per  plant 
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(Tables  16  and  35)  and  yield  per  plant  (Tables  56  and  75).  These 
results  corresponded  to  those  for  general  combining  ability  in  ANOVA's 
(Tables  15,  34,  55  and  74).  Thus  Hayman ' s  a  component  and  Griffing's 
GCA  are  analogous.  Genetic  components  of  variation  for  each  genera¬ 
tion  of  the  diallel  cross  have  shown  values  ranging  from  non-significance 
to  high  significance.  The  only  paradoxical  ones  are  the  negative  but 
significant  D's  and  HJ,s  of  Tables  19,  38,  59  and  78,  which  may  be 
ascribed  to  high  environmental  variation.  Such  unexpected  values  are 
not  uncommon  (Mather  1949,  Wright  1952,  Newell  1970  and  Holmes  1972) 
m  biometrical  genetics.  The  interpretation  of  genetic  parameters  in 
such  cases  becomes  questionable. 

Proportional  values  of  the  estimates  of  genetic  parameters 

viz.,  (H1  i  D)1/z,  (H2  i  4HJ,  [( 4DH1)1/ 2  +  F]  i  U4DH1>1/2  -  J-]  and 

2  - 
[h  /H g]  for  characters  studied  in  different  generations  of  the  diallel 

cross  ranged  from  partial  dominance  to  over-dominance,  from  complete 

symmetry  to  strong  asymmetry  in  distribution  of  genes  with  positive 

and  negative  effects  in  the  parents,  from  equal  proportions  of  dominant 

and  recessive  genes  in  the  parents  to  a  preponderance  of  dominants  or 

recessives ,  and  from  high  to  low  numbers  of  gene  groups  controlling 

a  particular  character.  Heritability  estimates  also  showed  a  wide 

range  of  values,  from  -0.1129  (yield  per  plant.  Table  39)  to  +1.085 

(onset-of-heading ,  Table  79),  indicating  in  this  example,  a  complete 

lack  of  heritability  for  yield  and  an  extremely  high  heritability  for 

earliness.  Quite  low  heritability  estimates  of  yield  in  wheat  have 

been  reported  by  a  number  of  researchers  (Wiebel  1956,  McNeal  1960, 
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Kronstad  and  Foot  1964,  Johnson  et  at  1966,  and  Paroda  and  Joshi 
1970,  1970a) . 

Genotype-environment  interaction .  The  assessment  of  genetic  and 
environmental  components  of  variation  with  respect  to  a  character 
depends  upon  the  gene  pool  involved  and  the  non-hereditary  factors 
constituting  the  environment  in  which  the  experimental  material  is 
grown.  The  choice  of  statistical  approach  varies  with  the  type  of  data 
available  and  the  object  of  the  study.  In  this  study  factorial  ANOVA 
and  regression  analysis  (Mather,  1951)  were  used  to  assess  the  degree 
of  discordance  between  identical  sets  of  materials  grown  at  two  loca¬ 
tions  with  respect  to  factor  loadings  for  the  various  characters, 
general  combining  abilities  of  the  parents  and  the  main  genetic 
components  of  variation. 

The  factor  loadings  on  various  characters  seemed  to  be 
different  for  the  two  locations  (Table  80) .  The  effect  of  generations 
on  factor-loading  scores  for  different  characters  was  negligibly  small. 

In  fact  none  of  the  interactions  involving  generation  were  significant. 
This  finding  contradicts  that  of  Lee  and  Kaltsikes  (1973)  who  found 
discrepancies  between  their  F^  and  F^  diallel  factor  analyses  with 
respect  to  the  factor  loading  scores  on  various  characters .  They  attri¬ 
buted  these  generation  differences  to  a  considerable  difference  in  plot 
size  for  the  two  generations,  and  difference  in  planting  techniques  viz., 
space-planting  for  F  diallel  and  solid  planting  for  F  diallel.  In 

_L  & 

the  present  case,  though  plot  size,  planting  techniques  and  experimental 
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set  up  was  the  same,  nevertheless,  the  environmental  conditions  at 
the  two  locations  were  quite  different.  Inspite  of  significant  inter¬ 
location  effects,  different  generations  proved  to  be  fairly  homogeneous 
with  regard  to  factor  loadings . 

In  the  factorial  AIJOVA  for  general  combining  abilites  of 
the  four  generations  of  the  diallel  cross  and  the  two  locations  (Table  81) 
it  was  found  that  the  GCA  values  were  more  or  less  the  same.  However, 
when  characters  were  treated  separately  in  the  analysis  {AN OVA  assumed 
single  observation  per  cell),  GCA's  differed  between  locations.  These 
results  indicate  that  parents  did  not  differ  in  GCA's  over  the  two  loca¬ 
tions  when  their  GCA's  were  averaged  over  all  characters,  but  they  cer¬ 
tainly  did  when  considered  individually  for  each  character.  The  response 
of  each  variety  with  respect  to  additive  gene  effects  was  studied  after 
averaging  the  GCA's  of  a  cultivar  over  four  generations  of  the  diallel 
cross  and  regressing  the  estimates  obtained  at  one  location  upon  those 
of  the  other.  In  the  analysis  of  variance  for  regression  (Table  82) 
the  inter- location  effects  were  found  to  be  homogeneous  for  each  variety. 
In  other  words,  the  GCA's  for  the  two  locations  were  concordant.  The 
variances  for  general  and  specific  combining  ability  also  did  not  differ 
significantly  at  the  two  locations.  Moreover,  the  conspicuous  feature 
of  the  combining  ability  analysis  was  the  high  consistency  with  which 
the  GCA  variances  were  higher  than  the  corresponding  SCA  variances  at 
both  locations.  This  in  fact  shows  the  stability  of  cultivars  over 
locations  according  to  Griffing's  (1956)  enunciation. 
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The  stability  of  genetic  components  of  variation,  viz., 

Dj  H i  and  F  was  assessed  over  the  two  locations  through  factoriat 
ANOVA.  The  results  indicated  (Table  83)  that  there  was  no  significant 
difference  between  locations  for  any  component.  Moreover,  the  gene¬ 
rations,  on  the  whole,  did  not  affect  these  parameters  at  either  loca¬ 
tion.  But  when  the  estimates  of  one  component  for  Parkland  were 
regressed  upon  those  of  Ellerslie  it  was  found  that  the  selfed  back- 
cross  generation  of  the  diallel  cross  was  affecting  the  component  F. 
This  constituted  a  significant  change  in  the  relationship  between 
additive  and  dominance  gene  effects  in  the  progeny  of  the  backcrosses . 
Moreover  the  estimates  of  the  F  component  for  the  two  locations  were 
correlated  differently  in  the  F^  and  generations  (+r  and  -r  res¬ 
pectively)  .  It  is  rather  difficult  to  think  of  a  logical  explanation 
for  this  change  of  relationship  between  additive  and  dominance  gene 
effects  [Z(d)  x  ZCh)]  in  two . generations  of  the  same  diallel  set. 

The  occurrence  of  significant  negative  values  for  genetic 
components  of  variation  was  an  unexpected  feature  of  diallel  cross 
analysis  for  which  a  satisfactory  interpretation  is  lacking.  Such 
values  have  been  reported  in  a  number  of  instances  (Mather  1949, 

Wright  1952,  Newell  1970  and  Holmes  1972)  but  a  logical  explanation 
for  their  occurrence  has  not  been  given.  The  frequency  of  their 
occurrence  appear  to  be  too  high  to  be  attributed  to  chance. 
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Variety : 
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Growth  habit: 
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Kernel : 


Origin,  parentage  and  varietal  description 
five  cultivars  of  wheat  used  in  diallel  study 


Marquis 

Central  Experimental  Farm,  Ottawa,  Canada 

Hard  Red  Calcutta  x  Red  Fyfe 

Spring 

110  -  120  cms . 

Mid-long,  fusiform  with  apical  awns;  beaks  short,  acute 
Dark  red,  hard,  ovate-truncate 


Chinook 

Central  Experimental  Farm,  Ottawa,  Canada 

Thatcher  x  S-615-11 

Spring 

110  -  125  cms. 

Fusiform,  mid-long,  short  apical  awns,  white  glumes 

with  mid-wide  beaks 

Red,  hard,  short  to  mid-long,  oval 

Khush-hal 

Agricultural  Research  Institute,  Peshawar,  Pakistan 

Local  white  x  Standard  Desi 

Spring 

80  -  90  cms . 

White,  flufy,  awned,  white  pubiscent  glumes  with 
mid-wide  beaks 

Amber  colored,  soft,  mid- long,  oval 


Ciano-67 

National  Institute  of  Agricultural  Research,  Mexico 
Pitic  62-Chris  'Sib'  x  Sonora  64 
Spring 
85-95  cms . 

White,  bearded,  fusiform 
Hard  red,  medium  size 


Inia-66 

National  Institute  of  Agricultural  Research,  Mexico 

Lerma  Rojo  64  x  Sonora  64 

Spring 

100  -  110  cms. 

White,  bearded,  fusiform 
Hard,  red,  medium- long 
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NUMERICAL  DESIGNATIONS  OF  THE  PARENTS  AND  THEIR 


CROSSES 

USED  IN 

THE  DIALLEL 

ANALYSES 

1. 

(KxCH) F22 

46. 

(CHxI) 11 

91. 

I -PARENT 

136. 

Kl (CxK) 

181. 

(CxK)  F2 

2. 

(IxK) 11 

47. 

C-PAP-ENT 

92. 

(CxK) Cl 

137. 

(MxCH) Ml 

182. 

(IxC) F22 

3. 

11  (IxC) 

48. 

(CxK)  F22 

93. 

CHO (MxCH) 

138. 

(Cxi )  F2 

183. 

CHO (CHxC) 

4. 

(KxM) F22 

49. 

(CHxI) CHO 

94 . 

CHI (CxCH) 

139. 

10  (Kxl)' 

184. 

(IxCH) 11 

5. 

(IxC) 11 

50. 

(Kxl) 11 

95. 

Cl  (CxM) 

140. 

CO (MxC) 

185. 

(CHxC) Cl 

6 . 

(Cxi )  F22 

51. 

(CHxI ) F2 

96. 

(IxM) 11 

141. 

(CHxK)  FI 

186. 

10 (IxM) 

7. 

CHI (MxCH) 

52. 

Cl (IxC) 

97. 

(MxCH) CHI 

142. 

(IxC) Cl 

187. 

10  (CHxI) 

8. 

(IxK)  F2 

53. 

(KxM) K0 

’  98. 

Ml (CxM) 

143. 

Ml (IxM) 

188. 

(KxC) CO 

9. 

M— PARENT 

54. 

(KxM) M0 

99. 

(CxCH) CHI 

144. 

CO (KxC) 

189. 

(IxCH) FI 

10. 

Kl  (KxCH) 

55. 

M0 (MxC) 

100. 

(CxCH) F2 

145. 

(CHxC)  F2 

190. 

(Kxl) 10 

11. 

(CxI)Cl 

56. 

(Mxl ) F22 

101. 

CO  (IxC) 

146. 

K0 (IxK) 

191. 

CO  (CHxC) 

12, 

(MxK) MO 

57. 

10 (IxC) 

102. 

Kl  (Kxl) 

147. 

(CxM)  Cl 

192. 

(CxM)  CO 

13. 

Kl  (CHxK) 

58. 

(MxC) CO 

103. 

(KxC)  K0 

148. 

(MxCH) F22 

193. 

(KxM) FI 

14. 

(CHxM)  CHI 

59. 

(CHxM) F2 

104. 

(MxC)F22 

149. 

K0  (CxK) 

194. 

(CHxK)  CHO 

15. 

Cl  (CHxC) 

60. 

CHI (CHxM) 

'  105. 

(KxCH) CHO 

150. 

(Mxl) FI 

195. 

(IxM) 10 

16. 

K-PARENT 

61. 

(CHxC )  F22 

106. 

Cl (MxC) 

151. 

(Kxl) F2 

196. 

(IxCH) 10 

17. 

(IxK)  Kl 

62. 

M0  (CHxM) 

107. 

CH-PARENT 

152. 

CHI (KxCH) 

197. 

CHO (KxCH) 

13. 

CHI (CHxK) 

63. 

(MxC) F2 

108. 

Cl  (CxK) 

153. 

CO  (CxCH) 

198. 

Ml (MxK) 

19. 

(KxCH) F2 

64. 

M0 (ixM) 

109. 

(CHxK) CHI 

154 

(M:.I)M0 

199  . 

10 (IxK) 

20. 

CHI  (CHxC) 

65. 

(IxCH) CHO 

110. 

(MxCH) M0 

155. 

Ml  (CHxM) 

200. 

(MxC ) MO 

21. 

(MxK)  Ml 

66. 

(KxI)F22 

111. 

Ml  (MxCH) 

156. 

K0 (MxK) 

201. 

11 (CHxI) 

22. 

11  (IxK) 

67. 

(CxM)MO 

112. 

(Mxl ) Ml 

157. 

(MxCH) CHO 

202. 

(Kxl ) KO 

23. 

Cl  (CxCH) 

68. 

(Cxi)  CO 

113. 

(CxM)  F2 

158. 

(MxCH) FI 

203. 

(CxK)  CO 

24. 

(KxC)F2 

69  , 

(KxC) Cl 

114. 

(CHxM) CHO 

159. 

Kl (IxK) 

204. 

(IxC) Fl 

25. 

(MxK)  F22 

70. 

(CxCH) CHO 

115. 

(IxK)  FI 

160. 

(IxC) CO 

205. 

(CHxC) FI 

26. 

(lxK)F22 

71. 

Ml  (MxC ) 

116. 

(CHxK) K0 

161. 

(CxM) Ml 

206. 

11 (IxCH) 

27. 

(CHxC)CHl 

72. 

K0 (Kxl) 

117. 

(CHxI )  F22 

162. 

CO  (CxM) 

.  207. 

KO (KxCH) 

28. 

CHI  (CHxI ) 

73. 

(CHxI) CHI 

118. 

(IxK) 10 

163. 

CHO  (CHxK) 

203. 

MO (CxM) 

29. 

11 (Kxl) 

74. 

(CxK)  Kl 

119. 

11 (Mxl) 

164. 

(Kxl)  Kl 

209. 

(IxC) 10 

30, 

(IxCH)CHl 

75. 

(Mxl)  10 

120. 

Ml (KxM) 

165. 

CHO (CHxI) 

210. 

(CHxK)  F22 

31. 

Kl (KxC) 

76, 

(CHxM) Ml 

121. 

(MxC) Cl 

166. 

Ml (Mxl ) 

211. 

.  (CHxI) 10 

32. 

(Cxi)  11 

77. 

(CxCH)  Cl 

122. 

(IxM) Ml 

167. 

CO  (CxK) 

212. 

CHO  (CxCH) 

33. 

(CxK)Fl 

78. 

(CHxM)  F22 

123. 

CHO (CHxM) 

168. 

(CxM)  FI 

213. 

Kl (KxM) 

34, 

CHI (IxCH) 

79. 

10  (Mxl) 

124. 

(KxM)  Kl 

169. 

( KxM ) F  2 

214. 

(CxK)  KO 

35. 

(CHxC)CO 

SO. 

(MxCH) F2 

125. 

(ixM)Fl 

’  170. 

10  (IxCH) 

215. 

(Kxl ) Fl 

36 . 

K0 (KxM) 

81. 

M0 (KxM) 

126. 

M0  (MxK) 

171. 

Kl (MxK) 

216. 

(MxC) Fl 

37, 

(IxM)F2 

82. 

(KxCH) Kl 

127. 

(MxC)  Ml 

172, 

(IxC) F2 

217. 

MO (Mxl) 

38. 

(CHxK)  Kl 

83. 

10  (Cxi) 

128. 

11 (IxM) 

173. 

(Cxi)  FI 

218. 

KO (KxC) 

39. 

(IxK)  K0 

84. 

(MxK)  F2 

129. 

(MxI)F2 

174. 

MO (MxCH) 

•  219. 

CO (Cxi) 

40, 

(KxM) Ml 

85. 

(CxCH) FI 

130. 

K0  (CHxK) 

175. 

(CxCH)F22 

220. 

(MxK) Fl 

41 . 

(KxC)Fl 

86. 

(CHxM) M0 

131. 

(IxCH) F2 

176. 

(.CHxM)  FI 

221. 

(CxCH)  CO 

42. 

(KxC)F22 

87. 

(IxCH) F22 

132. 

(KxC)  Kl 

177. 

(Mxl) 11 

222. 

(Cxi) 10 

43. 

(CHxK)  F2 

83. 

CHO  (IxCH) 

133. 

Cl  (Cxi) 

178. 

(KxCH) CHI 

223. 

(KxCH) Fl 

44. 

(CHxC )  CHO 

89. 

(MxK)  Kl 

134. 

(CxM)  r'22 

179. 

11  (Cxi) 

224. 

(KxCH) KO 

45, 

(IxM)MO 

90. 

(IxM) F22 

135. 

Cl  (KxC) 

180, 

(MxK) KO 

225. 

(CHxI ) Fl 

NOT 

E :  M=Marquis , 

CH=Chinook,  K=: 

Khush-hal 

,  C=C.iano-67 

and  1= 

Inia-66 . 

Taking  any  tv/o  varieties,  for  example  'C'  and  'K',  above  mentioned  combinations  could 
be  explained  as  follows: 


(CxK)  Fl 

=  Fj  hybrid. 

(CxK)  CO 

(KxC)Fl 

=  Reciprocal  F^  hybrid. 

CO  (CxK) 

(CxK)F2 

=  F2~generation  hybrid. 

(CxK)  KO 

(KxC)F2 

=  Reciprocal  F2  hybrid. 

KO  (CxK) 

(CxK)  F22 

and  its  reciprocal  are 

(CxK)  Cl 

the  F2’ s 

repeated  second  time 

Cl  (CxK) 

in  each 

replication  to  complete 

(CxK)  Kl 

the  requirements  of  the  15x15 

Kl  (CxK) 

partially  balanced  lattice  design. 


—  Back  cross-1. 

=  Reciprocal  back  cross. 

=  Back  cross-2. 

=  Reciprocal  back  cross-2. 

=  Selfcd  generation  of  (CxK)CO. 
=  Reciprocal  of  (CxK)Cl. 

=  Selfed  generation  of  (CxK)KO. 
=  Reciprocal  of  (CxK)Kl. 
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APPENDICES  III  TO  XXII 

Unadjusted  treatment  means  (original  data)  of  all  the  entries 
with  respect  to  ten  quantitative  characters  at  two  locations. 


The  numbers  in  the  first  row  of  each  block  are  the  code  numbers 
of  entries  and  those  in  the  second  row  are  the  mean  values 
of  the  corresponding  entries  listed  in  Appendix  II  . 
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2VPPENDIX  III  Onset-of-heading  at  Ellerslie 


226 


tt.LfRSI.lE _ V  fUrAll'.'i-l. 


(Slo.w  )01 
l.  50.  000 

182 

5 1.000 

18  3 

56.000 

164 

34.000 

185 

51.000 

184 

54.000 

T  8? 

b  2. 000 

168 

5J.000 

189 

53.000 

190 

53. r  "0 

19  1 

52.000 

192 

52.000 

19  J 

54.000 

194 

54.000 

195 

52.000 

2. 

14 

32.000 

17 

52.000 

18 

57.000 

19 

52.000 

20 

53.000 

2  1 

54.000 

22 

5  J.000 

23 

53.000 

24 

52.000 

2  5 

52.000 

26 

52.  000 

27 

55. OOO 

20 

54.000 

29 

53.000 

30 

55.000 

3. 

211 

31.000 

2  12 

51.000 

213 

53.000 

214 

51.000 

215 

5 )  .  0  00 

216 

6  2 . 0  CO 

217 

51.000  _ 

2  18 

52.0C0 

219 

52.000 

220 

55.000 

22  1 

62.000 

222 

52.000 

223 

54.000 

224 

55.000 

22S 

54.000 

4. 

«  4 

53.000 

47 

49.000 

48 

51.000 

49 

53. 000 

50 

62.000 

5  1 

53.000 

52 

49.030 

53 

5  3.0C3 

54 

54.000 

55 

52.000 

56 

52.000 

57 

51.  000 

53 

52.000 

59 

57.000 

60 

5  7.  000 

3. 

104 

51.  000 

107 

57.000 

108 

52.000 

109 

52. 0C0 

110 

57.000 

1  1  1 

56.000 

112 

55.000 

113 

53.0C0 

114 

57.000 

115 

52.000 

116 

53.  000 

117 

53.000 

110 

52.000 

1  19 

5 1 .000 

120 

53.000 

4. 

121 

SA.  000 

122 

54.000 

123 

54.000 

124 

52.000 

125 

5  3 . 0  OO 

126 

55.000 

127 

57.000 

128 

53.000 

129 

54. 000 

130 

53.000 

13  1 

53.000 

132 

51.000 

13) 

52.000 

134 

53.000 

1  35 

52.000 

7. 

9  1 

51.000 

92 

51.000 

93 

56. 000 

94 

53.000 

95 

52.000 

96 

53.000 

97 

57.000 

98 

57.OC0 

99 

51.000 

100 

5 1.000 

10  1 

5  1.000 

102 

53.  000 

103 

5  1.000 

104 

52.000 

105 

54.000 

3. 

6  1 

53. 000 

62 

56.000 

63 

5 1.000 

64 

53. 000 

65 

52.000 

66 

52.000 

67 

52.000 

68 

50.0CO 

69 

51.000 

70 

51. 000 

71 

56. 000 

72 

52.000 

73 

54.000 

74 

50.000 

75 

52.000 

9. 

151 

53.  000 

152 

55.000 

153 

52.000 

154 

52.000 

155 

57.000 

156 

56.000 

157 

58. COO 

153 

58.0C0 

159 

52.000 

160 

52.000 

161 

57.  000 

162 

52.000 

163 

53.000 

164 

53.000 

165 

53.000 

io. 

1 

54.000 

2 

52.0C0 

3 

52.000 

4 

53.000 

5 

si. ooo 

6 

51.000 

7 

55.000 

8 

5  1.0C3 

9 

60.000 

10 

52.000 

1 1 

50.000 

12 

54 . 0  00 

13 

52.000 

14 

53.000 

15 

52.003 

11. 

196 

52. 000 

197 

54.000 

198 

58.000 

199 

53.000 

200 

52.000 

201 

52.000 

202 

53. COO 

203 

52.000 

204 

52.000 

205 

53.000 

20  6 

55.000 

207 

S3. 000 

'208 

52.000 

209 

52.000 

210 

54.000 

12. 

31 

53. 000 

32 

51.000 

33 

51.000 

30 

56. 000 

35 

S2.000 

36 

54.000 

37 

53. COO 

3e 

S3.0C3 

39 

54.000 

40 

57.000 

4  1 

53-000 

42 

50.000 

43 

53.000 

44 

52.000 

45 

55. COO 

13. 

136 

52. 000 

137 

57.000 

138 

50.000 

139 

53.000 

1  40 

50.000 

141 

54 .000 

192 

52.000 

143 

6  3 . 0  C  0 

144 

51.000 

145 

52.000 

146 

52.000 

147 

51.000 

148 

52.000 

1  49 

52.000 

150 

54.000 

14. 

76 

53. 000 

77 

51.000 

78 

57.000 

79 

51.000 

80 

57. COO 

81 

55.000 

a: 

55.000 

33 

5  1.C03 

09 

52.000 

85 

54.000 

86 

59.000 

87 

52.  000 

83 

53.000 

89 

52.0C0 

90 

S4.000 

15. 

166 

5-9.00  0 

167 

52.000 

168 

S4.000 

169 

54. 000 

170 

53.000 

171 

52.000 

172 

52.000 

173 

51. OCO 

174 

60.000 

175 

52.000 

176 

60.000 

177 

53.000 

173 

58.000 

179 

51.000 

180 

53.000 

S£P LI CaTION- 2, 


1. 

14 

58.000 

29 

54.000 

44 

51.000 

59 

57.  OOO 

74 

52.000 

89 

53.000 

104 

54.000 

119 

52.000 

134 

53.000 

149 

52.000 

164 

52.000 

179 

52.000 

194 

56.000 

209 

52.000 

224 

56.000 

2. 

t 

55.  000 

16 

57.000 

31 

53.000 

46 

53.000 

61 

52.000 

76 

59.000 

9  1 

52.000 

106 

52. COO 

121 

56.000 

136 

5 1.000 

151 

52.000 

166 

55.000 

181 

51.000 

196 

52.000 

2  1 1 

5 1.000 

3. 

9 

60.  000 

24 

52.000 

39 

53.0C0 

54 

56.000 

69 

50.000 

34 

54.000 

99 

54. OCO 

114 

57.000 

129 

53.000 

144 

52.000 

159 

52. COO 

174 

57.000 

189 

54.000 

2  04 

52.000 

219 

5  1.000 

4. 

2 

51.Q0Q 

17 

50.000 

32 

52.0C0 

97 

52.000 

62 

53.000 

77 

5 1.000 

92 

52. COO 

107 

58.000 

122 

56.000 

137 

56. OCO 

152 

54.000 

167 

52.000 

182 

49.000 

1  97 

57.000 

212 

51.000 

3. 

6 

53.  000 

21 

57.000 

36 

55.000 

51 

55.000 

66 

53.000 

81 

54 -C 00 

96 

53.000 

1  1 1 

53.000 

126 

54.000 

141 

50.000 

156 

54..000 

171 

54.000 

186 

53.000 

201 

53.000 

216 

53.000 

6. 

1  1 

51.  000 

26 

52.000 

61 

52.  OCO 

56 

5  3.  OOO 

71 

53.000 

86 

57.000 

10  1 

52.000 

116 

53. OCO 

131 

52. OOO 

146 

52.000 

161 

54.  OOO 

176 

57.000 

191 

52. OCO 

206 

52.000 

221 

5  1.000 

7. 

10 

50. 030 

25 

53.000 

40 

5 6. OCO 

55 

53.000 

70 

52-000 

85 

53.000 

100 

52.000 

115 

5  I.OCO 

130 

53.000 

145 

53.000 

160 

52.000 

175 

52.000 

190 

52.000 

205 

54. COO 

220 

55.000 

8. 

8 

52.  0G0 

23 

53.000 

38 

53.000 

53 

54.000 

68 

52.000 

93 

52.000 

93 

57. COO 

113 

53.000 

128 

53.000 

143 

53.000 

153 

58.000 

173 

52.000 

188 

52.000 

203 

52.000 

218 

53.000 

9. 

3 

51. 000 

18 

54.000 

33 

52.000 

43 

52. OOO 

63 

53.000 

78 

57.000 

93 

57.000 

103 

52.000 

123 

59.000 

138 

5  1.000 

153 

52.  OOO 

168 

52.000 

183 

52.000 

198 

59. OCO 

213 

54.000 

10. 

13 

51.  000 

28 

54.000 

43 

53.000 

58 

53.000 

73 

54.000 

88 

52.000 

10  3 

52.000 

1  13 

53.000 

133 

51.000 

148 

58.000 

163 

54.000 

173 

55.000 

193 

55.000 

208 

5  3.000 

2  2  J 

54.000 

11. 

12 

56.000 

27 

53.000 

42 

52.000 

57 

52.000 

72 

52.000 

87 

5  3.0  00 

102 

53.000 

117 

53.000 

132 

52.000 

147 

53.000 

162 

54.000 

177 

53.000 

192 

53.000 

207 

53-000 

222 

52.000 

12. 

5 

52.000 

20 

S3. 000 

35 

53. OCO 

50 

52.000 

65  ' 

53.000 

80 

57.000 

95 

52. OCO 

1  10 

57.000 

125 

52.000 

140 

"52.000 

155 

57.000 

170 

53.000 

185 

52.000 

200 

52.000 

215 

53. COO 

13. 

4 

55.000 

19 

55.0C0 

3« 

53.000 

49 

53.000 

64 

54.000 

79 

52.000 

94 

53.000 

109 

54.000 

124 

52.000 

139 

52.000 

159 

52.000 

169 

53.000 

184 

53.000 

199 

52.000 

214 

52.000 

16.' 

7 

'60. O00 

22 

52.000 

37 

53. OCO 

52 

52-000 

67 

52.000 

82 

55.000 

97 

58. OCO 

112 

55.000 

127 

57.000 

142 

52.000 

157 

55.000 

172 

52.000 

187 

52.000 

202 

53.000 

217 

5  4.0  u»i 

15. 

15 

52.  COO 

30 

55.000 

45 

53. OCO 

60 

59.000 

75 

53.000 

90 

53.000 

105 

5  9.000 

120 

53.000 

135 

52.000 

150 

54.000 

165 

52.000 

180 

53.000 

195 

53.000 

210 

53.000 

225 

54. COO 

P\?LI CAT EON-3. 

1. 

45 

52.000 

59 

59 .0G0 

73 

54.000 

87 

52.000 

101 

52.000 

1  15 

52.000 

129 

5  3.0  00 

143 

52.000 

157 

54.000 

171 

53.000 

185 

52. OCO 

199 

52.000 

213 

52.000 

2 

52.000 

16 

52.000 

2. 

ISO 

53. 000 

169 

54 .000 

178 

53.000 

192 

52.000 

206 

52.000 

2  20 

54  .  OCO 

9 

59. OCO 

23 

52.000 

37 

53.000 

51 

53.000 

65 

52.000 

79 

52. OCO 

93 

57.000 

107 

58.000 

121 

54.000 

3. 

90 

52. 000 

104 

52.000 

T18 

52.  000 

132 

53.000 

146 

52.000 

160 

52.000 

174 

55.000 

188 

53.000 

202 

53.000 

216 

52.000 

5 

52.000 

19 

55.000 

33 

50.000 

47 

51 .000 

6  1 

53.000 

4. 

195 

53.  COO 

209 

52.000 

223 

55.000 

12 

54.000 

26 

52.000 

40 

57.000 

54 

55.003 

88 

53.000 

82 

52.000 

96 

53.000 

'  410 
57.000 

124 

53.000 

138 

52.000 

152 

55.000 

166 

54.000 

3. 

105 

53.  009 

IIS 

52.000 

133 

50.000 

147 

50.000 

161 

57.000 

175 

49.000 

189 

52.  OCO 

203 

50.000 

217 

53.000 

6 

52.000 

20 

52.000 

34 

59.000 

48 

52.000 

62 

57.000 

76 

61.000 

6. 

ISO 

54.000 

194 

54.000 

208 

56.000 

222 

52.000 

1  1 

50.  OOO 

2< 

54.000 

39 

52. 003 

S3 

53. COO 

67 

57.000 

8  1 

57.000 

95 

52.000 

109 

52-000 

123 

53.000 

137 

57. OCO 

151 

53.000 

7. 

60 

53. 003 

74 

50.000 

68 

53.000 

102 

54. OOO 

1  16 

53.000 

130 

S3  .OCO 

14  4 

5  2 . 0  00 

158 

57.0G0 

172 

49.000 

186 

52.000 

200 

57.000 

214 

57.000 

3 

57.000 

17 

S7.000 

31 

57.000 

a. 

15 

50.000 

29 

52.000 

43 

53.000 

57 

51.000 

71 

53.000 

85 

52.000 

99 

5  3.0  03 

I  13 

52.000 

127 

57.000 

14) 

52.000 

155 

56.000 

169 

53.000 

183 

52, OCO 

197 

54.000 

2)1 

52.000 

9. 

225 

54. 000 

14 

58.000 

2R 

54.000 

42 

52.000 

56 

54.000 

70 

5  3.0  00- 

3 » 

54. OOO 

98 

54.000 

112 

57.000 

1  2  6 

58.000 

140 

52.000 

154 

53.000 

168 

54.000 

182 

51.000 

196 

52.000 

10. 

135 

52. 000 

149 

51.000 

163 

5J.000 

177 

53.000 

191 

52.000 

205 

52.000 

219 

52. OCO 

a 

52.000 

22 

5J.Q0O 

36 

53.000 

50 

60. OCO 

64 

52.000 

78 

53.000 

92 

52.000 

106 

50.000 

11. 

165 

52. 030 

179 

52.000 

193 

55.000 

207 

53.  OOO 

221 

52.000 

10 

53.000 

24 

52.000 

30 

53.000 

52 

5 1.000 

66 

52.000 

40 

5/. OOO 

94 

5J.0G0 

108 

52.000 

122 

53.000 

136 

52.000 

12, 

130 

54. 000 

134 

52.000 

143 

55.000 

162 

52.000 

176 

58.000 

190 

52.000 

2  04 

52.000 

218 

52.000 

7 

57.000 

21 

57.000 

35 

52.000 

4  9 

54.000 

63 

54.000 

77 

52. OCO 

91 

52.000 

13. 

30 

55.000 

64 

53.000 

58 

52. COO 

72 

S2.00Q 

06 

53.000 

100 

52.000 

114 

57. OCO 

120 

54.000 

142 

52.000 

166 

53.000 

170 

53.000 

134 

54.000 

198 

57.000 

2  12 

52.000 

1 

54.000 

14. 

75 

52.  000 

89 

53.000 

103 

53.000 

1  17 

55.000 

131 

52.000 

145 

55. OCO 

159 

54. OCO 

173 

52.000 

187 

53.000 

201 

52.000 

215 

54.000 

4 

56.000 

18 

56.000 

32 

52.000 

46 

55. OCO 

13. 

210 

54.000 

226 

53.000 

13 

53.000 

27 

57. OCO 

41 

52-000 

55 

53.000 

69 

5  2 . 0  00 

63 

52.000 

97 

57.000 

111 

57.000 

125 

53.090 

139 

52.000 

1 5  J 

57.000 

167 

52.000 

101 

50.000 

.  » 
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APPENDIX  IV 


Final  heading  at  Ellerslie 


(Slock) 

ELLERS! 

LUL  Wr.fUCATtOtt-l . 

10 l 

18, 

18  J 

1 1J  4 

185 

1. 

53.000 

58.000 

6  1. 000 

62.000 

61.000 

16 

17 

18 

1  9 

20 

2. 

67. 000 

60.000 

64. 000 

62 . 000 

62.000 

211 

212 

213 

2  14 

215 

3. 

39.  000 

60. OCO 

64.000 

58.000 

59. COO 

46 

47 

40 

49 

50 

4. 

61.000 

57.000 

58 . C  00 

6  1. 000 

58.000 

10  6 

107 

108 

109 

1  10 

5. 

61.000 

64.0Q0 

59.000 

62.000 

65.000 

121 

122 

123 

124 

125 

6. 

62.000 

63.000 

65.000 

6 1. 000 

60.000 

1  1 

92 

93 

94 

95 

7. 

39. 000 

59.000 

66.000 

61.000 

59.000 

61 

62 

63 

64 

6  5 

a. 

53.000 

65.000 

59.000 

60.000 

59.000 

15  1 

152 

15  3 

154 

155 

9. 

61.000 

64.000 

63.000 

63.000 

67.  000 

1 

2 

3 

4 

5 

10. 

64. 000 

59.000 

58.000 

62. 000 

58.000 

196 

197 

198 

199 

200 

11. 

64.000 

61.000 

67.  000 

59.000 

63.000 

3  1 

32 

33 

34 

35 

17. 

64.  000 

57.000 

57.000 

67.000 

59.000 

136 

137 

133 

1  39 

140 

13. 

59. 000 

66.000 

60.000 

60. 000 

59.000 

76 

77 

78 
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8.000 

141 

6.000 

156 

8.000 

171 

•  9.000 

186 

6.000 

201 

7.000 

216 

6.000 

6. 

1  1 

7.000 

26 

6.000 

41 

5.000 

56 

3.000 

71 

8.000 

86 

8.000 

10  1 

6.000 

116 

7.000 

131 

7.000 

146 

7.000 

161 

8.000 

176 

7.000 

191 

8.000 

206 

7.000 

221 

9.000 

7. 

10 

11.000 

25 

11.000 

40 

9.000 

55 

8.  000 

70 

9.000 

85 

7.000 

100 

7.000 

115 

7.000 

130 

7.000 

145 

7.000 

163 

5.000 

175 

7.000 

190 

7.000 

205 

6.000 

220 

7.000 

8. 

9 

6.  Q00 

23 

6.000 

38 

6.000 

53 

9.000 

63 

6.000 

83 

6.000 

98 

7.000 

1  13 

9.000 

120 

6.000 

143 

8.000 

159 

9.300 

173 

6.000 

133 

6.000 

203 

6.000 

213 

7.000 

9. 

3 

7.000 

18 

7.000 

33 

6.000 

48 

6.  000 

63 

7.000 

78 

7.000 

93 

8.000 

109 

6. COO 

123 

5.000 

133 

7.000 

153 

8.000 

168 

7.000 

183 

8.000 

193 

3.000 

21) 

9.000 

10. 

13 

9.000 

28 

10.000 

43 

9.000 

53 

6.000 

73 

8.000 

83 

8.000 

103 

3.000 

1  18 

6.000 

133 

7.000 

148 

9.000 

153 

13.00  0 

179 

10.000 

193 

9.000 

208 

■1  1.000 

223 

8.000 

11. 

12 

9. COO 

27 

12.000 

42 

7.000 

57 

6.000 

72 

7.000 

87 

8.000 

102 

8.  OOO 

1  17 

3.000 

132 

9. COO 

147 

6.000 

162 

8. COO 

177 

9.000 

192 

9.000 

207 

9.000 

222 

7.000 

12. 

3 

7.0C0 

20 

13.000 

35 

7 . 0  CO 

50 

8.000 

65 

8.000 

eo 

9.000 

95 

7.000 

110 

3.000 

125 

7.000 

loo 

1  o.oco 

155 

10.300 

170 

7.000 

185 

7.000 

200 

8.000 

2  15 
5.000 

13. 

6 

9.000 

19 

9.000 

34 

11. 000 

4  9 

11.000 

64 

8.000 

79 

7.000 

94 

6.000 

109 

10.000 

124 

12.000 

139 

7.000 

154 

10.000 

159 

7.000 

134 

3.000 

199 

7.000 

214 

6.000 

14. 

7 

7.000 

22 

7.000 

37 

7.000 

52 

5.000 

67 

9.000 

82 

7.000 

97 

9.000 

112 

10.000 

127 

8.000 

142 

6.000 

157 

10.000 

172 

7.000 

187 

7.000 

202 

8.  COO 

2  17 
7.000 

15. 

15 

6.000 

30 

10.000 

35 

7.000 

60 

9.000 

75 

6.000 

90 

6.000 

105 

8.000 

120 

7.000 

135 

6.000 

150 

8.000 

165 

7.Q00 

130 

9.000 

195 

6.030 

210 

7.000 

225 

6. COO 

REPLICATIONS. 

1. 

45 

7.  000 

59 

7.000 

73 

7.000 

37 

7.000 

101 

5.000 

1  15 
6.000 

129 

8.000 

143 

8.030 

157 

3.000 

171 

7.000 

185 

7.000 

199 

3.000 

213  2  16 

a. ooo  io.ooo  io.ooo 

2. 

150 

7.000 

164 

6.000 

178 

7.  000 

192 

8.000 

206 

7.000 

220 

3.0C0 

9 

8.000 

23 

7.000 

.  37 
5.000 

51 

7.000 

65 

8.000 

79 

8.000 

93 

8.000 

107 

8.000 

121 

6.000 

3. 

90 

6.  000 

104 

8  .  COO 

118 

6.000 

1  32 
7.000 

146 

5 . 0  C  0 

160 

6.000 

174 

12.000 

188 

7.000 

202 

6.000 

216 

6.000 

5 

7.000 

19 

6.000 

3) 

9.000 

47 

6.000 

6  1 

6.000 

4. 

195 

6.  000 

209 

6.000 

223 

7.000 

12 

9.000 

26 

7.000 

40 

6.000 

54 

8.  OOO 

68 

7. COO 

92 

6.000 

96 

6.000 

1  10 

11.000 

124 

8.000 

133 

6.000 

152 

5.000 

166 

8.000 

5. 

105 

11.000 

119 

7.000 

13  3 
7.000 

147 

8.000 

161 

4.000 

175 

9.000 

139 

7.000 

203 

9.000 

217 

7.000 

6 

0.000 

20 

9.000 

39 

11.000 

48  62 

7.000  ‘10.000 

76 

9.000 

4. 

190 

6.  000 

1  94 

6.000 

208 

6.000 

222 

6.  GOO 

1 1 

7.0  00 

25 

7.000 

39 

9.000 

53 

7.000 

67 

7.000 

81 

7.000 

95 

7.000 

109  123 

8.000  10.000 

137 

8.000 

151 

7.000 

7, 

60 

10. 030 

74 

8.000 

99 

6.000 

102 

6.000 

1  16 

7.000 

130 

7.000 

144 

6.000 

150 

9.  COO 

172 

9.000 

186 

6.000 

ZOO 

10.000 

214 

5.000 

3 

4.000 

17 

6.000 

31 

5.000 

8. 

15 

9.000 

29 

7.000 

43 

7.000 

57 

6.000 

71 

7.000 

85 

7.0C0 

99 

7.000 

113 

7.000 

127 

7.000 

141 

8.000 

155 

7.000 

169 

7.000 

133 

8.000 

197 

6.000 

211 

8.000 

3. 

22  5 

6.  080 

1* 

9.000 

28 

7.000 

42 

7.000 

56 

8.000 

70 

8.000 

8  4 

7.000 

98 

9.000 

112 

0.000 

126 

9.000 

140 

7.000 

154 

7.000 

168 

6.000 

182 

7.000 

196 

6.  OOO 

10. 

135 

7.000 

149 

3. 000 

16) 

8.  COO 

177 

1.000 

191 

7.000 

205 

8.Q0Q 

219 

6.000 

8 

6.000 

22 

5.000 

36 

7.000 

50 

8. COO 

64 

7.000 

73 

8.000 

92 

7.000 

106 

5.000 

u. 

185 

7.  COO 

179 

7.000 

193 

7.000 

207 

11. COO 

221 

7.000 

10 

10.003 

24 

6.  OOO 

38 

9.000 

52 

7.000 

66 

6.000 

00 

9.000 

94 

6.000 

100 

6.000 

122 

9.000 

136 

7.000 

12. 

120 

8.000 

1  34 

10.000 

148 

9.000 

162 

9.0C0 

176 

0.000 

190 

7.000 

204 

5.000 

219 

6.000 

7 

7.000 

21 

9.000 

35 

7.000 

49 

8.000 

6) 

6.000 

77 

7.000 

91 

6.000 

13. 

30 

1C. 000 

44 

8.000 

58 

5.  000 

72 

7.000 

96 

10.000 

100 

7.000 

114 

8.000 

120 

5.000 

142 

6.000 

156 

7.000 

170 

6.000 

184 

6.000 

193 

9.0C0 

212  1 

3.000  11.000 

14. 

75 

7.  000 

69 

6.000 

103 

6.000 

117 

9.000 

131 

8.000 

145 

5.000 

159 

5 . 0  1 0 

173 

6. COO 

187 

6.000 

201 

0.000 

215 

5.000 

4 

6.900 

18 

7.000 

32  46 

6.000  10.003 

13. 

210 

a.  ooo 

22* 

7.000 

13 

9.000 

27 

7.000 

•  1 

6.000 

55 

10.000 

6  9 

7.000 

0) 

6.000 

97 

7.000 

111 

7.000 

125 

6.000 

1)9 

6.003 

15) 

6.000 

167 

6.000 

101  ’ 

7.000 

2?8 


• 

•  ■ 

’ 

• 

- 
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APPENDIX  VI 


Plant  height  at  Ellerslie 


lU.f.JlSLie  REPLICATION- l .  PuCff  IIP  I  CUT 


(»lo. 

1. 

2. 

3. 

4. 

3. 

4. 

7. 

a. 

3. 

10. 

u. 

nu 

13. 

14. 

15. 

1. 

2. 


ck) 


Id  1 

72.500 

16 

74.450 
21  1 

83.980 

46 

95. 430 
106 

101.  750 

121 

95.030 

9  1 

70.700 

6  1 

39.000 

151 

66. 630 


196 

100. 650 

31 

69.200 

136 

67.  130 
76 

104.040 

166 

97.  750 


182  1 B  3 

67. SCO  105. JJO 

17  18 

74.270  110. 130 

212  211 
89.550  68.570 

47  48 

81.800  79.170 

107  108 

105.530  74.810 

122  123 

94.260  106.900 

92  93 

75.620  116.660 


1  4* 

85.050 


19 

91. 200 


62 

115.210 

152 

95.580 

2 

70. 920 


63 

4.980 


153 

99.  ISO 


3 

64.020 


80.700  100.200 


32 

66.970 
1  37 

10  1  .290 


33 

66.900 

138 

68.330 


77  7  3 

73.390  103.770 

167  168 

69.500  90,940 


49 

I  16.920 
109 

97.  060 
124 

83.390 

94 

99.500 

64 

90. 620 
154 

105. 730 

a 

9  3.6  70 
199 

62.750 
34 

87.400 

139 

65.720 

79 

77.750 
169 

63.970 


185 

35.450 

20 

10  3.  680 
215 

71.890 

50 

3  3.400 
110 

120.023 

125 

04.360 

95 

82.620 

65 

78. 320 
155 

108.470 

5 

71.320 
200 

85.850 

35 

74.200 

140 

9  1.320 
80 

105.990 

170 

97.050 


1  86 

71 . 340 
21 

1  11. J00 
216 

34.940 

51 

104.770 
1  1  1 

115.310 

126 

9-4.2  70 
96 

76.620 

66 

72.5  00 
156 

1 03.900 
6 

73.570 

201 

76  .400 
36 

92. 300 

141 

91.270 

81 

93.500 

171 

90.470 


107 

95.0 10 
22 

59.  920 
217 

103.  1(10 
52 

06.200 

112 

105.5  JO 
127 

1  10. 8  10 

97 

115. 050 
67 

106. 230 
1 S  7 

10S. 200 


20  2 

67.100 

37 

7  0.  3  20 
19  2 

67.010 

82 

75.930 
17  2 

72.840 


JLE.7LICAI  IUM-2 , 


14 

103.  160 


3.  124.  420 


2 

69.  470 


29 

71.220 

16 

73.810 

24 

80.020 

17 

66.  140 


73.530  M2. 290 


1  1 

87.430 

10 

75.000 


8.  72.500 


26 

76.S60 

2S 

95.700 

23 

90.350 


31 

83.980 

39 

77.080 

32 

73.500 

36 

90.730 


40 

108.930 

38 

32.940 


59 

112-410 

46 

104.460 

54 

1C3.780 

47 

76.440 

51 

104.770 

56 

98.630 

55 

92.111 

53 

10 1. 380 


3 

18 

33 

43 

9. 

71.  190 

108.850 

76.530 

79.940 

13 

28 

43 

5  8 

10. 

37.  120 

115.350 

101.650 

91.880 

12 

27 

42 

57 

11. 

103.  320 

101.710 

72.750 

73.550 

5 

20 

35 

50 

12. 

68.540 

103.  140 

77.280 

SO- 340 

a 

19 

34 

*9 

13. 

92.840 

96.330 

106.040 

10 1. 380 

7 

22 

37 

52 

14. 

1 13.090 

72.400 

76.570 

72.980 

15 

30 

45 

60 

15. 

81.370 

102.660 

79.890 

115. 920 

REPLICATION -3. 

45 

59 

73 

87 

1. 

88. 270 

118.480 

113.270 

90.050 

150 

164 

178 

'  192 

2. 

105.  3C0 

0O.C4O 

109. 000 

98.450 

90 

10* 

118 

132 

3. 

78. 350 

90.690 

74.020 

81.190 

195 

209 

223 

12 

4. 

80.  130 

75.660 

103.310 

105.910 

105 

1 19 

133 

147 

5. 

113.  110 

91.760 

75.920 

91.600 

10  0 

194 

203 

222 

6. 

1 10.340 

107.010 

117.090 

81.890 

60 

74 

88 

102 

7. 

1 18. 530 

77.C70 

88.840 

77. 420 

15 

29 

43 

57 

8. 

90.930 

77.080 

104.010 

78.240 

225 

14 

20 

*2 

9. 

99.410 

123.2*0 

122.730 

85.970 

135 

149 

163 

177 

10. 

79. *30 

78.8  10 

100. 340 

93.560 

165 

179 

193 

207 

a. 

9J.9C3 

71.289 

101.360 

1  12. 730 

120 

1  3* 

143 

162 

u. 

97.880 

100.650 

126.290 

95. 370 

30 

*4 

53 

72 

13, 

93.5*0 

80. 380 

99.920 

7  7.  76  0 

75 

09 

103 

117 

U, 

83.520 

91.790 

77.  120 

10  1.820 

210 

224 

13 

27 

13, 

9*. 810 

92.000 

90.930 

115.220 

74 

76.630 

61 

99.320 

69 

79.820 

62 

110.950 

66 

68.640 

71 

107.020 

70 

94.060 

68 

72.790 

63 

102-280 

73 

101.390 

72 

68. 350 
65 

96.960 

64 

83.120 

67 

59. 183 

75 

86.91  0 


89 

83.940 

76 

118.230 

84 

103. 730 

77 

78.270 

81 

95.370 

86 

121.270 

as 

99.310 

03 

73.380 

78 

123.900 

88 

93.090 

87 

93.420 
-  80 

1 17.490 

79 

94.780 

32 

75-640 

90 

75. «  90 


104 

94.860 

91 

74.440 

99 

107.750 

92 

1  12.280 

96 

37.5 10 
101 

73.990 

100 

84.110 

93 

104.400 

93 

122.540 

103 

70.910 

102 

72.390 

95 

87. 120 

94 

99.330 

97 

1  11. 670 

105 

98.400 


133 

‘JO.  390 

119 

93. 9B0 

19  0 

00.350 

19  1 

101.590 

192 

11 1.2*0 

23 

a  7.  1  10 

21 

76. 870 

25 

10  1. 3H0 

26 

75. *50 

27 

1  12.980 

218 

7  1 . 480 

2  19 

15.200 

220' 

96.550 

22  1 

98.540 

222 

73.750 

53 

1  1  * . 9  00 

54 

122.3  JO 

55 

9  1. 2J0 

56 

10 1. 300 

57 

70. 220 

113 

07.990 

11* 

110.5*0 

115 

69.  28  2 

116 

82.  650 

1  17 

92.050 

1  28 

75.900 

129 

°7. *50 

130 

06.480 

13  1 

32.590 

13  2 

77.350 

93 

104.980 

99 

57.100 

100 

90.570 

10  1 

72.900 

10  2 

76.  100 

68 

73.770 

69 

71.J0O 

70 

94.830 

71 

99.110 

72 

74.090 

158 

114.  150 

159 

69.270 

160 

71.270 

161 

101. 370 

162 

101. 490 

9 

71. 370 

9 

1  11.980 

10 

73.550 

1  1 

70. 390 

12 

108. 860 

20  3 

67.050 

20* 

69. SOO 

205 

86.700 

20  6 

78. 620 

207 

77.830 

33 

32.060 

39 

73.730 

40 

101.550 

4  1 

70.250 

42 

73.000 

143 

97.570 

14  4 

72. 440 

145 

89.540 

146 

73.  160 

147 

75. 430 

83 

75.950 

84 

t 7.4*0 

85 

96. 300 

86 

100.8*0 

37 

86.770 

173 

7  1.790 

174 

1 1 1. 350 

175 

80.570 

176 

1  1 1.040 

177 

82. 610 

119 

9  3.  180 

13* 

95. *60 

149 

7  5.  160 

164 

80. 100 

179 

78.440 

106 

1  1  1.580 

121 

125.470 

1*36 

74.120 

151 

76.660 

165 

102.760 

1  14 

123.290 

129 

55.390 

144 

79.760 

159 

79.Q50 

174 

121.340 

107 

97.890 

122 

98.030 

137 

110.000 

152 

107.  0*0 

167 

73.490 

1  11 

123.500 

126 

112.310 

14  1 

103.930 

156 

99. 390 

17  1 

1 03. 780 

1  16 

£  7.430 

131 

£5.8*0 

146 

78.310 

161 

1 15.230 

176 

1 30. 590 

IIS 

72.720 

130 

51.  *90 

145 

92.530 

160 

73. 3CO 

175 

83.  540 

1  13 

99.2*0 

123 

75.520 

143 

93.060 

150 

126.070 

173 

77.750 

103 

123 

138 

153 

168 

191 

103.310 

28 

109.400 
22  J 

9 J. 510 
53 

104.620 

119 

75.900 

133 

77.370 

103 

76.340 

73 

103.520 

163 

89. 360 
13 

83.360 
208 

67.570 

43 

92.260 

143 

102.220 

38 

73. 020 
173 

98.180 


1  94 

95.390 

29 

75.730 

224 

9  7 . 4  BO 
59 

125.310 
1  19 

a i .050 
134 

6S.0  30 
104 

90.160 
74 

71.160 
164 

74.940 

14 

112.790 

209 

64.120 


149 

72.630 

89 

77.020 

179 

72.650 


195 

78. 2  10 
30 

1C6.920 

225 

92.  HO 
60 

120.(360 

120 

92.050 

135 

70. 360 
105 

96.730 
75 

04.050 

165 

89.430 

15 

84.680 
2  10 

37.350 

45 

9 1. 220 
150 

92.730 
90 

74.125 

180 

a  i.  no 


79.160  122.730  76.930  106.130  101.060 


113 

72. 630 

117 

93.330 

215 

30.070 

109 

96.460 
1  12 

10  1.3  10 
120 

9  3  .  b  9  0 


133 

52- 660 
132 

76.590 

200 

102.500 

124 

52.630 

127 

103.830 

135 

77.730 


143 

1 15.S40 
147 

76.460 

185 

93.620 

139 

79. 170 
142 

76.690 

150 

95.920 


163 

100.870 

162 

95.520 

170 

86.  5u0 
154 

105.770 

157 

1  2  1.590 
165 

32.  660 


178 

104. 530 
177 

93. 680 
155 

114.010 

169 

90.650 

172 

72.450 
1  80 

91.680 


194 

39.000 

131 

72.410 

189 

102. T90 
162 

73.980 

136 

89.200 

191 

37.390 

190 

70.620 

183 

75.790 

133 

93.510 

193 

99.Q30 

192 

98.340 

140 

112-400 

184 

74.650 

187 

96.450 

195 

81.630 


209 

73.440 

196 

101.200 

204 

78.670 

197 

100.580 

201 

96 .140 
206 

92.2«0 

205 

99.370 

203 
74. SCO 

1  98 

125. 120 
208 

108.730 

207 

90.300 

125 

34.900 

199 

7 1.600 

2  02 

1  03 . 340 
2  10 

103.240 


224 

99.010 

211 

89.4J0 

219 

70.500 
2  12 

107. 100 
216 

96. 820 
221 

100.260 

220 

93-700 
2  18 

75. 230 
2  13 

99. 120 
223 

99.710 

222 

70.770 

110 

1 17.970 
214 

7  2.9  50 
217 

75.300 

225 

89. 130 


101 

81.070 

206 

94.9  10 
146 

81.910 

26 

73.720 

161 

114.340 
1 1 

79.440 

116 

93.240 

71 

113.390 

56 

117.070 

191 

93.060 

221 

97.110 

176 

125. 160 
86 

1  1  5. 940 
1  J  1 

92.520 

41 

73.300 


115 

79.850 

220 

110.890 

160 

76.020 

40 

115.570 

175 

93.760 

25 

107.720 

130 

96.260 

85 

105.160 

70 

1 1 9.390 
205 

106.850 

10 

02.240 

19Q 

75.190 

100 

B3 .980 
145 

97.690 

55 

101.230 


129 

100. 280 


174 

117.  37 0 
54 

107.060 

189 

106.920 

39 

78. 370 
14  4 

79.790 

99 

i c 9.  no 


143 

93.020 

23 

33. 340 
133 

74. 425 
68 

63.261 

203 

8  3.  240 
53 

37.430 

158 

122. 3 30 
113 

1C4.960 

78 

115.700 


157 

122.800 

37 

a  4.5i  o 


171 

9G.960 


185 

87.240 


179 

76. 950 


213 

3 3,020 


219 

80.260 

24 

79. 460 

204 

83. 240 
114 

1  11.520 
159 

73.500 

69 

81.320 


78.150 

38 

94.340 

213 

77.CB0 

128 

79. 760 
173 

74.750 

83 

4 1. 780 


62 

76.220 

ir 

1 1 2.620 
67 

1 15.140 
172 

74.010 

127 

n 7.250 
112 

116.500 

22 

78.310 

52 

79.  160 


142 

72.660 

197 

99.910 

97 

120.690 


51 

104.850 

215 

97.  190 
96 

93.260 

6 

86.590 
8  1 

92.120 

105 

86.830 
14  1 

106. 2eo 

126 

120.490 

36 

104.210 

66 

63.550 

21 

113.140 

156  . 
9  3.940 

201 

93.710 
1 1 1 

119.270 


65 

1Q0.060 

5 

80.490 

110 

123. 230 
20 

116.590 

95 

94.730 

200 

107.210 

155 

124. 700 
140 

96.600 

50 

85. 300 
80 

125.040 

35 

86.760 

170 

78.930 

215 

76.480 

125 

93.750 


79 

105.060 


1  9 

ICO. 920 


124 

93.670 


39 

1  13.760 


109 

101. 290 


2  14 

77. 350 


169 

105.640 


154 

106. 600 


94 

1 10.260 

49 

I  16. 270 
184 

86.  3  20 


139 

80.380 


93 

12  4.  1  20 
33 

70.680 

133 

80.630 

49 

83.320 

123 

125.070 

3 

82. 170 
183 

107. 830 
168 

109.530 

78 

123.110 

108 

79.330 

63 

100.820 

198 

10  9.530 
18 

105. 910 
153 

94.720 


2 

74 . 240 
107 

1  19.520 
4  1 

79. 1 30 
152 

109.470 

52 

122.380 

137 

114.670 

17 

77.740 
197 

96.020 

182 

79.520 

92 

80.830 

122 

100.730 

77 

105.200 
2  12 

86. 740 

32 

71. JOO 
167 

01.370 


16 

75.200 

121 

106.680 
61  ‘ 

94.640 

166 

114. 3U0 
76 

12  1.410 
151 

76.450 

31 

80.680 

211 

98.530 

196 

90.040 

106 

113.080 

136 

80.080 

91 

75.310 


46 

109.440 

101 

a  i.  no 


229 


- 
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• 
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APPENDIX  VI I  Number  of  tillers  per  plant  at  Ellerslie 


!  LT-FUSLU  RF PLICATION  - 1 . _ KU'-UR  Of TIL1HKS  PFR  PLANT 


(SlorV) 

18  1 

1.  12.300 

102 

7.700 

10  J 

1  0.  *>00 

18  4 

1 1 . 500 

*96 

12.000 

1  06 

9.700 

187 

9.  700 

2. 

n 

10.700 

17 

9.000 

IS 

15.4  00 

19 

1  1 .  iOO 

20 

12.300 

21 

9.200 

22 

b.  J  oo 

3. 

211 

9.  300 

212 

10.333 

213 

11.300 

214 

10.000 

215 

3.700 

2  16 

1 9.000 

2>7 

1 2. 300 

4. 

«6 

10.  «*oo 

47 

12. COO 

43 

1  1.000 

49 

10. 300 

50 

11.900 

5  1 

10.900 

52 

9.7  00 

5. 

106 

11.  30  0 

107 

9.000 

103 

10.900 

109 

1 1. 100 

1  10 

1  1.600 

1  1  1 

10.500 

1  1  2 

1  1.700 

6. 

121 

15.600 

122 

1  1.900 

123 

11.100 

124 

12.300 

125 

1 1.200 

126 

1  1.500 

127 

1  1.500 

7. 

91 

10.900 

92 

11.500 

93 

10.100 

9  4 

12. 300 

95 

1  1.500 

96 

9.900 

97 

12.900 

a. 

61 

10.  200 

62 

14.000 

63 

9.000 

64 

1C. 300 

65 

8. 300 

66 

9.000 

67 

1 2.500 

9. 

151 

10.  200 

152 

n.400 

153 

11.  100 

154 

10. 200 

155 

9.400 

156 

10.100 

157 

9.200 

10. 

1 

12.500 

2 

9.000 

3 

9.000 

4 

10.500 

5 

9.400 

6 

8.250 

7 

9.  300 

n. 

196 

9.  900 

197 

9.400 

193 

8.700 

1  S  9 

7.400 

200 

9.500 

201 

7.  800 

202 

6.800 

12. 

31 

10. 400 

32 

9.300 

33 

10.  ICO 

34 

6. 400 

35 

9.700 

36 

11.800 

37 

7.  300 

13. 

136 

9.600 

137 

a. 200 

138 

9. 600 

1  39 

8.300 

140 

10.300 

141 

13.000 

142 

7.000 

14. 

76 

10.300 

77 

9.400 

78 

12.200 

79 

6 .400 

30 

9-300 

81 

7.  100 

82 

8.  600 

15. 

166 

9.  200 

167 

0.111 

168 

11.100 

169 

7.889 

170 

9.100 

171 

8.700 

172 

9.000 

R£?LICATICS-2, 

1. 

14 

10. 900 

29 

9.700 

44 

9.  100 

59 

11.000 

74 

10.000 

89 

9.500 

104 

10.000 

2. 

1 

11.600 

16 

12.900 

31 

15.222 

46 

9.300 

61 

13.600 

76 

15.100 

9  1 

8.700 

3. 

9 

15.  100 

24 

12.600 

39 

12.700 

54 

11.000 

69 

11.  100 

84 

13.400 

99 

16.200 

4. 

2 

13.200 

17 

9.556 

32 

3.500 

47 

5.603 

62 

13.700 

77 

10.900 

92 

1  3.  200 

5. 

6 

13.600 

21 

14.1 11 

36 

13.200 

51 

14. 300 

66 

10.400 

81 

12-600 

96 

12.000 

6. 

11 

11.600 

26 

10.300 

41 

13.400 

56 

12.700 

71 

14.700 

86 

1  4.000 

10  1 

12.500 

7. 

10 

10.900 

25 

11.600 

40 

11.100 

55 

1 1 .778 

70 

15.400 

85 

15.200 

100 

10.600 

8. 

a 

14.  100 

23 

16.600 

33 

13.200 

53 

14. ooo 

68 

1  1.700 

83 

11.000 

99 

12.700 

9. 

3 

9.  700 

10 

13.900 

33 

12.000 

48 

12. 7C0 

63 

12.200 

78 

14.700 

93 

12.200 

10. 

13 

12.900 

28 

12.600 

43 

15.000 

53 

9.900 

73 

11.400 

89 

12.500 

103 

1 0.400 

u. 

12 

13. 300 

27 

9.300 

42 

13. 300 

57 

9.400 

72 

8.800 

87 

11.800 

102 

1  1.800 

12. 

5 

9.700 

20 

16.900 

35 

9.800 

50 

1  1.800 

65 

1  1.600 

80 

13.700 

95 

14.  100 

13. 

4 

11.300 

19 

12.200 

34 

14.  100 

49 

11.700 

64 

1  1. 100 

79 

8.600 

94 

15.500 

14. 

7 

14. 900 

22 

11.200 

37 

10.400 

52 

12.700 

67 

12.333 

82 

11.900 

97 

12.200 

15. 

15 

15. 700 

30 

10. ICO 

45 

11.  100 

60 

10.400 

75 

12.200 

90 

10.700 

105 

10. 200 

RP.P  LI  CATION-3, 

1. 

45 

0.700 

59 

11.600 

73 

12.600 

H7 

12.600 

101 

11.900 

1  15 

11.600 

124 

13.  300 

2. 

150 

12.300 

164 

14.500 

178 

18.800 

192 

12.600 

206 

11.300 

220 

13.700 

9 

1  1.400 

3. 

90 

12.200 

104 

13.400 

1  18 

10.200 

1  J2 

15.900 

146 

10.400 

160 

9.  J00 

174 

12.200 

4. 

195 

12.  800 

209 

12.400 

223 

13.700 

12 

11.000 

26 

11.176 

40 

11.100 

54 

15. J00 

5. 

10  5 

15.000 

119 

12.500 

133 

12.000 

197 

13.300 

161 

12.700 

175 

12.000 

109 

13.700 

&. 

180 

16.000 

194 

11.900 

203 

14.300 

222 

11.300 

11 

10.200 

25 

13.600 

39 

12. J00 

7. 

60 

15.  500 

74 

14.900 

88 

1  1.900 

102 

12. 900 

116 

1 C.uOO 

1  JO 

14.800 

144 

12.800 

S. 

15 

17.400 

29 

14.8C0 

43 

17.900 

S  7 

11.700 

71 

14.200 

85 

17.700 

99 

16.900 

9. 

225 

10.500 

14 

14.700 

28 

13.800 

a2 

15. 100 

56 

12.000 

70 

13.  100 

84 

15. 3Q0 

10. 

135 

14. 000 

149 

12.700 

16  3 

12.300 

177 

1 0.900 

191 

14.300 

206 

14.500 

219 

13.300 

11. 

165 

11.300 

179 

9.  100 

1  9  J 

12-  4C9 

2  07 

14.700 

221 

11.700 

10 

18.500 

24 

16.700 

12. 

120 

10.800 

134 

13.  100 

lufl 

12.5C0 

102 

12.200 

176 

11.600 

190 

9.300 

20  4 

10.  300 

11. 

30 

10.500 

44 

10.770 

50 

13.100 

72 

11.500 

86 

12. 700 

100 

11.600 

114 

12.600 

14. 

75 

11.800 

87 

13.400 

103 

13.600 

1  17 

13.300 

1J1 

13.  100 

145 

13.500 

159 

13.900 

13. 

210 

11.900 

224 

12.400 

13 

9.400 

27 

12.400 

4  1 

13.399 

55 

11.000 

69 

12.300 

188 

10.500 

109 

1 1.400 

190 

12.500 

19  1 

11. 200 

19  2 

9.  030 

i  n 

1 0.000 

194 

1  1.600 

19  6 

10.500 

23 

9.700 

24 

10.200 

25 

10.700 

26 

8.  200 

27 

n.  sco 

28 

ti. 100 

29 

9.400 

30 

12.000 

218 

8.200 

214 

9.000 

220 

3.300 

221 

1  1.  200 

222 
a.  500 

21  1 

1  1.  100 

224 

13.000 

225 

9*  J00 

53 

7.400 

54 

1 1.000 

55 

7.  400 

56 

8.500 

67 

9.  200 

50 

10.100 

59 

8.600 

60 

12.600 

113 

10.922 

11« 

1  1 . 474 

115 

8.  4  b 4 

116 

14. 000 

1  17 

11.900 

1  18 

7.900 

1  19 

1  1.700 

120 

1  1.  100 

120 

10.900 

129 

12.900 

130 

14.000 

1 1 1 

12.100 

132 

14.  100 

133 

1  1.000 

1  34 

8.300 

ns 

1  2.  400 

98 

12.  100 

99 

13. 400 

100 

1  1.800 

10  1 
9.500 

102 

12.000 

1D3 

14.300 

104 

12.000 

105 

1  1.400 

68 

12.500 

69 

10. 900 

70 

1  1.800 

7  1 

9.  500 

72 

a.  700 

73 

1  1.300 

74 

9.000 

75 

10.800 

158 

12.100 

159 

12.600 

160 

8.000 

16  1 

10.800 

162 

9.600 

163 

13.300 

164 

12.200 

165 

10.700 

8 

8.000 

9 

9.800 

10 

9.700 

1 1 

10.600 

12 

11.400 

13 

1 2. 100 

14 

13.200 

15 

10.600 

203 

9.000 

204 

7.900 

205 

7.500 

20  6 
7.500 

207 

8.  100 

203 

7-300 

209 

5.700 

210 

10.000 

38 

9.800 

39 

12.400 

40 

9.  400 

4  1 

10. 500 

42 

11.600 

43 

n.eoo 

44 

12.600 

45 

8.900 

143 

10. 100 

144 

9.000 

145 

8.  100 

146 

7.700 

147 

3.600 

138 

3.100 

149 

7.600 

150 

7.500 

83 

8.400 

84 

9.600 

85 

8.800 

36 

10.500 

87 

9.000 

83 

7.500 

89 

7.600 

90 

8.625 

173 

9.000 

174 

10.000 

175 

8.800 

176 

10.800 

177 

9.400 

178 

9.400 

179 

0.700 

180 

9.700 

119 

9.600 

134 

12.200 

149 

1  1.989 

160 

12. 200 

179 

11.900 

194 

12.000 

209 

8.300 

224 

1 2.100 

106 

9.900 

121 

11.800 

136 

9.800 

151 

12.  000 

166 

10.400 

131 

10.111 

196 

12.400 

211 

1 3.667 

114 

15.000 

129 

11.700 

144 

1 2.100 

159 

13. 100 

174 

14.500 

189 

1  1.300 

204 

12.900 

219 

17.333 

107 

10.700 

122 

9.100 

137 

1  1.800 

152 

14.900 

167 

9.400 

182 

1 0.600 

197 

15.200 

212 

14.600 

1  11 

1 2.900 

126 

15. 100 

141 

17.333 

1S6 

15.300 

171 

•19.  500 

186 

13.200 

201 

13.200 

216 

16.200 

116 

10.500 

131 

10. 300 

146 

1  1.200 

161 

14.200 

176 

11. 300 

191 

10.200 

206 

9.800 

221 

17.400 

115 

10.000 

130 

8.200 

145 

12.200 

160 

12.600 

175 

8.2  00 

190 

9.000 

205 

12.  /OO 

220 

1  1.222 

1  13 

1 1. 200 

123 

14. 400 

143 

1 0.200 

158 

15.900 

173 

12. 100 

188 

1  1.200 

203 

11.500 

218 

1 3.600 

108 

10.900 

123 

14.700 

138 

12.400 

153 

13.  600 

168 

13.300 

183 

16. 100 

193 

11.000 

213 

1 6.100 

118 

9.700 

133 

11.400 

140 

13.000 

163 

17.900 

178 

14.900 

193 

1 3.400 

2C8 

14.300 

223 

19.900 

1  17 

12. 100 

132 

1  1.  100 

147 

9.200 

162 

9.800 

177 

6.  100 

192 

1 0. 700 

207 

15.000 

222 

10.600 

215 

IS. 000 

200 

12.600 

185 

1 6 .778 

170 

10.200 

155 

13. 100 

140 

13.300 

125 

10.800 

110 

13.000 

109 

1 0. 700 

124 

7.900 

139 

1  1.  600 

154 

1  1.  900 

169 

9. 800 

184 

9.700 

199 

9.500 

214 

1  1.000 

112 

11. 100 

127 

15.600 

142 

1 1.300 

157 

11.700 

172 

13.200 

187 

1 0.800 

202 

11.700 

217 

13.100 

120 

10.000 

135 

13. 100 

150 

9.700 

165 

10.000 

130 

11.000 

195 

9.400 

210 

14.300 

225 

9.  100 

14  J 

10.500 

157 

14.700 

17  1 

12.300 

IMS 

11.300 

199 

11.500 

211 

1  1.200 

2 

11.400 

16 

14.  100 

23 

14.  100 

37 

1 2. 800 

51 

14.600 

65 

13.300 

79 

11. 500 

93 

11.300 

107 

17.200 

121 

1  1.900 

103 

11.000 

202 

9.900 

216 

1 0.800 

5 

10. 300 

19 

9.  600 

33 

10. 400 

47 

10.000 

6  1 

9.800 

68 

12.531 

02 

12.700 

96 

15. 300 

110 

12.732 

124 

1 7.700 

133 

14.400 

152 

18.500 

166 

1  4. 500 

203 

16.  100 

217 

11.200 

6 

1 4.500 

20 

10.900 

34  • 
14.800 

48 

11. BOO 

62 

14.900 

76 

.15.500 

53 

12.300 

67 

1  1.600 

0  1 

12.000 

95 

10.900 

10  9 

12. 700 

123 

10.90  0 

137 

10.900 

151 

9.000 

158 

12.700 

172 

13.500 

186 

1  1.300 

200 

13.700 

214 

13. 500 

3 

1  1.700 

17 

1  2 . 2  CO 

31 

11.111 

1  13 

15.700 

127 

12.400 

141 

15.000 

155 

15.  900 

169 

14.100 

183 

15.300 

197 

13.400 

211 

9.200 

93 

1  1.200 

112 

13.500 

126 

15.300 

140 

11.176 

154 

11.300 

160 

9.700 

102 

12.500 

196 

14.200 

8 

10.900 

22 

13. 500 

36 

13. 100 

50 

15.000 

64 

9.400 

78 

15.200 

92 

14.200 

106 

15.400 

3fl 

i  j.aoo 

52 

11.100 

66 

15.500 

80 

13.900 

94 

16. 500 

108 

13.600 

122 

1 1 .800 

1 .16 

1 4.700 

218 

10.500 

7 

10.100 

21 

9.700 

J5 

12.400 

49 

12. 800 

63 

9.000 

77 

14.  100 

91 

10.000 

128 

1  1. 900 

142 

10.600 

156 

12.000 

170 

9.H00 

184 

11.300 

190 

1 3. COO 

212 

12.000 

1 

15.800 

173 

1  1. 300 

187 

9.900 

201 

1  1.600 

215 

11. 300 

4 

11.990 

IS 

10.500 

32 

7.500 

46 

12.400 

0) 

9.700 

97 

13.400 

111 

1 0.000 

125 

10.200 

139 

9.000 

153 

12.700 

167 

13.100 

191 

14.600 

2'^Q 
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APPENDIX  VIII  Number  of  spikelets  per  spike  at  Ellerslie 


W->£ML  t  C  REPLICATION  1 

.  NUMfiPJI 

or  srjy 

(Block)  )jt 

1.  I1.5J3 

182 

13.000 

16  3 

M.  JjJ 

134 

15.  100 

1  *5 

1  3.700' 

1  86 

14  .  400 

Irt  7 

15.633 

2. 

U 

11.667 

17 

13.  100 

13 

16. 4Q0 

19 

13.467 

20 

12.433 

21 

t4 .83  i 

22 

12.867 

3. 

211 

>3.  3  33 

212 

13.407 

213 

1 3.  4  3  3 

214 

13.567 

2  15 

1  J.633 

216 

12.600 

217 

1  6 . 9 1>7 

4, 

*6 

14.5)3 

47 

13.333 

48 

13.833 

49 

14.  1  3  3 

50 

14.067 

5  1 

15.  103 

52 

IS. 000 

5. 

106 

14.300 

107 

14.567 

1C8 

13.733 

109 

16.500 

1  10 

15.467 

1  1 1 

16. 367 

112 

16.600 

6. 

121 

14.  667 

122 

15.933 

123 

15.733 

124 

1 3.  13 J 

125 

14.567 

126 

14.767 

127 

15.767 

7. 

91 

14. 733 

92 

12.833 

93 

16.667 

94 

15.  7.13 

95 

13.400 

96 

15. 1 JJ 

97 

14.833 

a. 

61 

14.400 

62 

15.933 

63 

14.833 

64 

15.900 

65 

14.367 

66 

12.800 

67 

15.300 

9. 

151 

12. 667 

152 

13.733 

153 

15.000 

154 

15. 333 

155 

15. 133 

156 

16.833 

157 

15.600 

10. 

1 

13.  300 

2 

12.700 

3 

15.600 

4 

16. 367 

5 

12.600 

6 

14.208 

7 

14.833 

11. 

196 

12.  567 

197 

13.633 

198 

14. 433 

199 

11. 367 

200 

15.067 

20  1 

12.067 

202 

1  1.033 

12. 

31 

13. 167 

32 

13.267 

33 

1 1.500 

34 

13.100 

35 

1  1.700 

36 

14.333 

37 

13.500 

13. 

136 

13.300 

137 

15.633 

133 

13.467 

1  39 

13.467 

140 

14.000 

141 

13.433 

1»2 

12.967 

1*. 

76 

15.  167 

77 

12.567 

73 

14. 200 

79 

11.500 

80 

14.433 

81 

13.067 

82 

14.233 

13. 

166 

15.  100 

167 

11.74  1 

163 

14.500 

169 

12. 593 

170 

12.567 

171 

14.667 

172 

13.933 

18  8 

1  3.500 

189 

14.713 

190 

12.9)3 

191 

14-  3C0 

172 

1  J.  967 

19) 

10. 38 1 

194 

13*733 

195 

14.433 

23 

1 2.200 

24 

12.667 

25 

13. 467 

26 

14.667 

27 

15.  931 

28 

14.167 

29 

14.633 

30 

16.267 

218 

14.033 

219 

14.367 

220 

15.3)3 

221 

13.  267 

222 

U.500 

223 

13.733 

.'24 

14.733 

225 

1  3.73J 

53 

14. 300 

54 

15. 233 

55 

11.  500 

56 

14.067 

57 

14.600 

58 

15.533 

59 

15.567 

60 

14.667 

113 

1  3.975 

114 

15.313 

115 

1  2.M6 

116 

13.000 

1  17 

13.900 

118 

1  3.  800 

1  19 

1 3.267 

120 

13.300 

128 

14.467 

129 

16.000 

130 

15.  167 

131 

15.  133 

1  5  2 

14. 133 

133 

15.467 

1  34 

13.833 

135 

14.300 

90 

14.033 

99 

1 7.600 

100 

15.  100 

101 

12.400 

102 

U.  133 

103 

15.133 

104 

13,267 

105 

14.967 

68 

14.500 

69 

1  1. 700 

70 

14.467 

71 

16.467 

72 

14.200 

73 

15.100 

74 

13.500 

75 

14.567 

158 

15. 167 

159 

14. 133 

160 

1 1.933 

16  1 

16.433 

162 

15. 23 3 

163 

1 4.300 

1  64 

13.133 

165 

15.200 

a 

1  4 .  1  o  7 

9 

16.600 

10 

1  1.800 

1  1 

13.  467 

1  2 

IS. 500 

13 

12. 867 

14 

17.433 

15 

12.367 

203 

1 3.433 

204 

12. 167 

205 

1  2.  100 

2C6 

12.  733 

207 

12. 900 

208 

1 3.2S7 

2  09 

11.100 

2  10 

12. 500 

33 

12.767 

39 

1 4. 300 

40 

15.367 

4  1 

12.633 

42 

13.333 

43 

12.733 

44 

15.800 

45 

1  5.800 

143 

17.567 

144 

13.067 

145 

12.9C0 

14  6 

1 J.500 

147 

13.057 

148 

16.533 

149 

13 .167 

150 

13.967 

83 

12.567 

8  4 

14. 900 

85 

13.567 

86 

15.700 

37 

15. 433 

88 

1 4. 100 

G9 

13.967 

90 

14.750 

173 

14.333 

174 

15.933 

175 

12. 6C0 

176 

15.200 

177 

12.933 

178 

15.833 

179 

11.533 

180 

1  3.733 

Bf?LICATI0K-2. 


1. 

14 

15.  133 

29 

13.700 

44 

14.567 

59 

13.633 

74 

13.667 

89 

15.667 

104 

14.633 

2. 

1 

13.967 

16 

13.633 

31 

14.296 

46 

12.433 

61 

13. 100 

76 

14.000 

31 

1 4.900 

3. 

9 

15.400 

24 

12.  167 

39 

11.733 

54 

14.333 

69 

13.367 

84 

14.133 

99 

16.667 

4. 

2 

12.833 

17 

13. 48  1 

32 

12.357 

47 

12.633 

62 

15.200 

77 

12.815 

92 

1 2. 467 

5. 

6 

12.  633 

21 

15.630 

36 

IS. 133 

51 

15. ! 67 

66 

12.633 

81 

13.800 

96 

15.267 

5. 

1 1 

13.733 

26 

1  1.600 

4  1 

12.133 

56 

15. 333 

71 

14.533 

86 

16.633 

101 

1  2.  8  33 

7. 

10 

12.000 

25 

13.967 

40 

15.300 

55 

13. 444 

70 

13.267 

85 

14.433 

100 

13.367 

8. 

13.067 

23 

13.900 

33 

12.CC0 

53 

15. 133 

68 

11.296 

33 

12.633 

98 

14.600 

9. 

3 

14.333 

18 

14.733 

33 

13.067 

43 

12.067 

63 

13.633 

78 

14.933 

93 

15.067 

10. 

13 

13. 133 

28 

16.267 

43 

13.267 

53 

11.700 

73 

15.600 

83 

15.067 

103 

12. 200 

u. 

12 

16. 133 

27 

15.267 

42 

14. C  6  7 

57 

13.933 

7  2 

1 3. 700 

87 

14.300 

102 

1 3.667 

12. 

5 

15.033 

20 

16.033 

35 

12. 933 

50 

14.967 

65 

14.333 

60 

16.700 

95 

14.067 

13. 

4 

15.  033 

19 

15.300 

34 

13.267 

49 

13.967 

64 

16.300 

79 

14.067 

94 

IS. 567 

14, 

7 

15.933 

22 

14.467 

37 

14.500 

52 

1  3.296 

67 

15.61 1 

32 

13.533 

97 

1 2. 433 

15. 

13 

13. 967 

30 

12.700 

45 

13.967 

80 

14.233 

75 

15.267 

90 

14.400 

105 

1 4.967 

R£?  LI  CAT  I  ON- 3, 


1. 

55 

13. 800 

59 

12.933 

73 

15.300 

87 

15. 267 

1 01 

19.867 

1 15 

12.633 

129 

14.900 

2. 

150 

14. 267 

164 

14.333 

173 

13.  733 

192 

16.  133 

206 

15.333 

220 

15.433 

9 

1 4. 867 

3. 

90 

13.767 

104 

14.900 

IIS 

14.200 

132 

12.900 

146 

13.767 

160 

12.800 

174 

15.  133 

4. 

195 

12.800 

209 

14.900 

22  3 

14.400 

12 

13.900 

26 

13.310 

40 

14.600 

54 

14. 300 

3. 

105 

19.267 

1  19 

15.367 

133 

13.867 

147 

14.633 

161 

14. 867 

175 

13.967 

189 

15.  )  33 

6. 

130 

15.  500 

194 

13.600 

2C8 

14.800 

22  2 

14.0)3 

11 

13.900 

25 

14.233 

39 

13.967 

7. 

60 

16.400 

79 

14.933 

08 

15.600 

102 

14.400 

1  16 

14,300 

130 

15.400 

1  4  4 

14. 533 

a. 

15 

15. 367 

29 

15.667 

«  3 

14.167 

57 

15.167 

71 

16.867 

95 

15.467 

99 

15. 967 

9. 

225 

15. 467 

19 

13.700 

28 

14.700 

42 

14. 267 

56 

16.967 

70 

16.100 

84 

15.600 

10. 

135 

16. 000 

149 

1  J.6  33 

163 

15.267 

177 

14. 200 

191 

15.367 

205 

15.633 

219 

14. 367 

u, 

165 

15. 033 

179 

13.567 

193 

15.600 

207 

15.467 

221 

14.  100 

10 

13. 900 

24 

14.733 

12, 

120 

15.C67 

13« 

13.667 

148 

17.533 

162 

14.200 

176 

13.  J67 

190 

12.567 

206 

16. 767 

13. 

30 

14.  03 J 

44 

13.667 

59 

16.  300 

72 

14.633 

86 

16.333 

100 

13.667 

1  14 

16.267 

14. 

75 

n.  300 

89 

14.233 

133 

13.53) 

117 

15. so: 

131 

16.167 

145 

16.900 

159 

16.700 

13. 

210 

14.000 

224 

14.967 

13 

13.767 

27 

17.100 

41 

14,767 

55 

14.167 

69 

14.247 

119 

13.933 

139 

1 5. 00C 

149 

13.352 

164 

12.567 

179 

12.067 

190 

t  2.933 

209 

15.233 

224 

15.033 

106 

14.633 

121 

15. 133 

136 

12.333 

151 

12.000 

166 

15.  1  67 

181 

11.519 

196 

12.733 

2  11 

12.0 37 

114 

15.433 

129 

1 9.500 

144 

1  1.533 

159 

12.033 

174 

15.  100 

189 

12. 633 

204 

12.733 

219 

14.037 

107 

13.500 

122 

13.067 

137 

IS. 200 

152 

14.567 

167 

11.233 

182 

1 3.067 

197 

14.733 

212 

14. 367 

111 

16.400 

126 

15.200 

10  1 

12.  926 

156 

13.967 

171 

14.300 

186 

14.200 

201 

13.067 

216 

15.500 

116 

13.033 

131 

13.  133 

146 

13.833 

161 

10.467 

176 

16. 167 

191 

1 2.500 

206 

12.700 

22  1 

14.267 

1  15 

13.4J3 

130 

12.633 

145 

13.500 

160 

12.  600 

175 

12.833 

190 

1 3.067 

205 

15.133 

220 

14.704 

113 

13.533 

128 

13.833 

143 

14. 100 

153 

15. 200 

173 

12.267 

180 

13.167 

203 

13.100 

2  18 

14.233 

108 

15.200 

123 

15.067 

133 

13.133 

153 

13.  833 

163 

16.300 

183 

12.733 

158 

16.267 

213 

15.067 

1  13 

1 3.467 

13.3 

12.967 

148 

16.233 

163 

15.967 

178 

12.600 

193 

13. 1 33 

208 

15.267 

223 

14.733 

1 17 

15.033 

1  32 

15.033 

147 

14.000 

162 

J  4.  ooo 

177 

13. 333 

192 

13.200 

207 

13.733 

222 

14.6Q0 

215 

14.067 

200 

13-600'  . 

195 

15.556 

170 

14.333 

155 

16.367 

140 

14.200 

125 

13.633 

110 

1 4.500 

109 

16.400 

124 

14.  100 

139 

15.400 

154 

16.704 

169 

15. 133 

194 

12.967 

199 

13.533 

214 

1  3.83  3 

112 

15.267 

127 

1 6. 367 

192 

14.000 

157 

17.  133 

172 

13. 600 

187 

14.833 

202 

17.200 

217 

lu.267 

120 

14.733 

135 

13. 933 

150 

12.600 

165 

14.  267 

130 

15. 567 

195 

13.633 

2  10 

15.300 

225 

14.467 

143 

1 3. 4 J3 

157 

16. 167 

17  1 

13.567 

185 

13.  467 

199 

13. 600 

213 

13.667 

2 

U.067 

16 

13.267 

23 

14.300 

37 

15. 033 

51 

15.500 

65 

14.  533 

79 

15.533 

93 

16.033 

107 

14.967 

121 

15.767 

188 

13. 292 

202 

13. 167 

216 

13.900 

5 

15.067 

19 

12.700 

33 

12.233 

47 

13.500 

6  1 

15.  100 

63 

14.594 

32 

14. 900 

95 

14. 100 

110 

14.461 

124 

19. 133 

138 

15.8J3 

152 

14.533 

166 

13.800 

20  3 

14,067 

217 

14.233 

6 

14.267 

20 

15.767 

34 

13.  313 

90 

13.067 

62 

15,867 

76 

15.03 J 

53 

13.500 

67 

16.067 

81 

14. 200 

95 

14.567 

109 

14.500 

12) 

15.667 

137 

15.233 

151 

12. 300 

158 

12. 367 

172 

15. 767 

186 

15.300 

200 

H.233 

214 

14. 2 33 

3 

14.733 

17 

15.367 

31 

14.111 

1  13 

15. 400 

127 

15.000 

14  1 

14.933 

155 

16.600 

169 

15.43 J 

183 

14.567 

197 

13.033 

2  1  1 

14.667 

98 

16.167 

112 

15.733 

126 

16.933 

140 

19.  343 

154 

i2.  :oo 

163 

11.867 

182 

15.667 

196 

16. J67 

8 

1  3.8J3 

22 

15. 267 

36 

16.267 

50 

14.633 

63 

14.700 

78 

14.600 

92 

14.967 

105 

17. 700 

38 

1 i. 933 

52 

14. 733 

68 

14.400 

80 

14,  133 

94 

19. 967 

108 

14.533 

12$ 

16  .067 

136 

14.067 

218 

13.967 

7 

13.667 

21 

14.200 

35 

13.  500 

49 

15.53) 

63 

U.000 

77 

14.933 

91 

13.600 

120 

1  5.  167 

142 

13.500 

156 

15.267 

170 

13.533 

1  84 

12.  *33 

198 

1 7.667 

2  U 
1J.4C0 

1 

16.833 

173 

15.200 

187 

14.03) 

201 

15.567 

216 

13.667 

4 

19.767 

18 

13.267 

32 

13.467 

*6 

1 3.4 J J 

83 

14.633 

97 

16.400 

111 

15.233 

125 

15.267 

139 

14.433 

153 

14.5)3 

167 

14.233 

iai 

15.267 

231 
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APPENDIX  IX  Number  of  seeds  per  spike  at  Ellerslie 


• 

ill  r*. 

SLIK  ftrPLfrftTlON-' 

1. 

r  or  runo 

Ph»  SPlxr. 

1.  M.««7 

182 

*9.83) 

163 

44.667 

18  4 

57.431 

1  85 

44.067* 

1Br» 

49.131 

1/17 

4  9.0  iJ 

188 

36. 967 

189 

48.600 

190 

40. 700 

19  1 

4  4 . 6b  7 

13  2 

51.93) 

19) 

42.190 

194 

44.500 

195 

57.  367 

2. 

16 

*3. 231 

17 

48.867 

18 

49.333 

19 

49. 1 J3 

20 

44.767 

21 

60.067 

22 

57.63J 

23 

4  J,  90  ) 

24 

44. 600 

25 

49.233 

26 

50.600 

27 

42. 067 

29 

46.600 

29 

49.000 

30 

40.8)3 

3, 

21  1 

32.967 

2  12 

38.615 

213 

52.467 

214 

«  1.833 

215 

4  7.  66  7 

2  16 

50.300 

217 

59. 431 

213 

4  ).  300 

219 

46.333 

220 

52.067 

22  1 

39.600 

222 

49.  3  33 

22  3 

4  J.  167 

224 

43.333 

225 

50.067 

A. 

46 

46. 500 

47 

39.500 

98 

38.467 

49 

33. 500 

50 

42.  167 

5  1 

48.C87 

5  2 

47.067 

53 

4  J.  200 

54 

47.633 

55 

4 0. 400 

56 

56.600 

57 

49. 367 

58 

50.  03  ) 

59 

45.000 

60 

5  3.  7  33 

3. 

106 

45.267 

107 

43.867 

108 

43.300 

109 

50.567 

1  10 

53. 9 Jj 

1  1  1 

54.667 

112 

62.600 

113 

46. 203 

1  1  4 

44.134 

115 

9  7.  740 

116 

4  2.333 

117 

49. 733 

118 

44.067 

1  19 

50. 300 

120 

45. 000 

A. 

121 

56.667 

122 

58.033 

123 

49.767 

124 

40.500 

125 

51.067 

126 

51. 233 

127 

63. 267 

128 

45.433 

!  2  9 

52. 900 

U0 

4  0.  13  3 

13  1 

4  7.  1U0 

132 

39. 800 

131 

50.76  7 

134 

42 .700 

1  35 

43.767 

7. 

9  1 

50.  667 

92 

47.533 

93 

52.067 

94 

52.  167 

95 

46.9J3 

96 

53.900 

97 

40. 867 

98 

44.400 

99 

51. 533 

100 

43. 933 

101 

48.  567 

102 

46.  167 

103 

44. 400 

104 

48. 167 

105 

45.200 

a. 

61 

44.  100 

62 

50.667 

63 

49.333 

64 

61.700 

65 

4  6.833 

66 

49.067 

67 

58.567 

68 

49.633 

69 

37.  400 

70 

49.400 

71 

54. 133 

72 

49. 267 

73 

52.  167 

•  74 

42-700 

75 

56.100 

3. 

151 

47.733 

152 

47.700 

153 

47.  133 

154 

50.900 

155 

49.0J3 

156 

55. 133 

157 

47. 000 

158 

52.833 

159 

49.867 

16  0 

43.733 

161 

58. 900 

162  . 
52. 633 

163 

42.700 

164 

45.033 

165 

40.1)3 

10. 

1 

45.433 

2 

52.433 

3 

56.033 

4 

54.033 

5 

45.833 

6 

48.203 

7 

42.  300 

8 

45.233 

9 

56. 233 

10 

38. 633 

1  1 

43.200 

12 

50.233 

13 

14.333 

14 

55.967 

15 

4  1.633 

1L. 

196 

42.833 

197 

40.100 

198 

57. 667 

199 

49.3  33 

200 

4  8.400 

201 

47.067 

202 

42. 733 

203 

45.533 

204 

50. 467 

20  5 

45.067 

206 

47.767 

207 

42. 533 

208 

49.  133 

209 

44.267 

2  10 

43.667 

n. 

3  1 

43. 933 

32 

50.433 

33 

39.067 

34 

36.000 

35 

4  1.300 

36 

50.131 

37 

45.333 

38 

44.267 

39 

49. 800 

40 

43.933 

4  1 

37, 500 

42 

42.467 

43 

42.133 

44 

47.133 

45 

6  1  . COO 

n. 

136 

40.  567 

137 

53.567 

138 

48.033 

1  39 

4  7.  2  33 

140 

50.400 

14  1 

42.933 

142 

41. 100 

143 

55.767 

144 

39.233 

145 

40.900 

146 

46. 200 

147 

50.057 

148 

44.067 

149 

42.533 

150 

53.367 

i*. 

76 

93.000 

77 

34.600 

78 

51.033 

79 

42.500 

80 

45.133 

81 

44.057 

82 

37.900 

03 

39.667 

84 

44.  167 

85 

42.667 

86 

47.700 

87 

51.967 

09 

45.400 

89 

47.433 

90 

49.917 

15. 

166 

56. 033 

167 

34.773 

163 

43.533 

169 

39.889 

170 

40.367 

171 

44.533 

172 

44. 767 

173 

44.867 

17a 

50. 500 

175 

36.5J3 

176 

47.  400 

177 

47. 700 

178 

4  1.  167 

179 

43 .067 

190 

40.700 

LEGATION- 2, 


14 

29 

44 

59 

74 

89 

10  4 

119 

134 

149 

164 

179 

194 

209 

224 

51.733 

50.433 

45.267 

44.567 

46.067 

63.733 

4  9. 067 

49.333 

50.700 

48. 370 

46. 133 

92. 267 

46.533 

59.96  7  48. ICO 

1 

16 

31 

46 

61 

76 

9  1 

106 

121 

136 

IS  1 

166 

131 

196 

2  1 1 

2.  44.533 

49. 100 

49.741 

46.400 

43.733 

53.000 

54.300 

51.067 

56.433 

44. 100 

44.333 

66.333 

39.961 

42.46 

7  45.741 

9 

24 

39 

54 

69 

84 

99 

114 

129 

144 

159. 

174 

189 

2C4 

2  19 

3.  53.133 

39.667 

92.200 

49 . 467 

41.333 

50. 067 

50.700 

44.033 

5  0.  100 

38.100 

44.333 

47.567 

47.467 

49.100  4  9. 4  ft  4 

2 

17 

32 

47 

62 

77 

92 

107 

122 

137 

152 

167 

13  2 

197 

212 

A.  51.233 

50-889 

50.433 

38 .867 

50.067 

30.889 

4  J.  533 

uO. 300 

47. 867 

4  7.367 

39.700 

33. OCO 

49.833 

45-967  *5.967 

6 

21 

36 

51 

66 

81 

96 

Til 

126 

141 

156 

171 

196 

20  1 

216 

5.  53.66  7 

57.333 

52.167 

43.067 

46-867 

51.400 

53.767 

53.767 

48.567 

42.593 

48.033 

96. 933 

49.533 

48.000  57.633 

11 

26 

*  1 

56 

71 

36 

10  1 

116 

131 

146 

161 

176 

191 

206 

221 

6.  49.467 

33.233 

37. SCO 

58.  167 

99.733 

46.067 

43.200 

37.4Q0 

48.  133 

44.  433 

50.267 

48. 733 

31.333 

50.467  42-667 

10 

25 

90 

55 

70 

95 

TOO 

115 

130 

14  5 

160 

175 

190 

205 

220 

7.  39.233 

49.667 

53.500 

46.704 

45.000 

42.500 

40. 233 

47.733 

38.700 

44.867 

48.333 

47. 100 

50.633 

66.000  54.7*1 

8 

23 

39 

53 

68 

83 

99 

173 

128 

143 

158 

173 

198 

203 

218 

8.  47.433 

43.500 

37.667 

53.300 

43.593 

48.267 

54.200 

49.067 

55.233 

52.567 

4  6 . 6  6  7 

43. 167 

4  1.300 

44.500  44.367 

3 

18 

33 

43 

63 

78 

93 

108 

123 

133 

153 

168 

183 

198 

213 

9.  59.  233 

43.400 

41.733 

36. 457 

46.700 

45. 167 

44.667 

36.900 

51.033 

44.733 

42.700 

48.733 

40.833 

57.467  52.733 

13 

28 

43 

58 

73 

83 

103 

118 

133 

143 

163 

178 

193 

208 

223 

10.  23.  5  33 

47.500 

4C.667 

44.733 

44.267 

45.800 

42. 867 

48. 167 

36. 833 

5  1.067 

43. 167 

41.000 

47.667 

SI. 667  47.167 

12 

27 

42 

57 

72 

87 

102 

1  17 

132 

147 

.  162 

177 

1 92 

207 

222 

U.  53.033 

41.367 

43.667 

50.000 

45.167 

50. 167 

44. 200 

<*6.367 

43.933 

40. SCO 

42.767 

44.933 

43.133 

42.600  40.433 

5 

20 

35 

50 

65 

80 

95 

215 

200 

185 

170 

155 

140 

125 

110 

12,  49.767 

49.667 

34.567 

47. 167 

45.667 

50. 867 

43. 633 

48.433 

50-733 

56.370 

44.333 

44.833 

4S.J57 

44.96 

7  *3.133 

4 

19 

39 

4  9 

64 

79 

94 

109 

124 

139 

154 

169 

184 

199 

214 

13,  49.  100 

45. 167 

95.667 

47.267 

52.967 

47.533 

47.633 

37.933 

45. 167 

47.333 

5  1.  222 

97.  200 

41. 567 

41.033  48.833 

7 

22 

37 

52 

87 

02 

97 

1  12 

127 

142 

157 

172 

197 

202 

2  17 

14.  48.  ICO 

4G.733 

50.600 

41. 259 

48.056 

41.933 

41.367 

48.203 

59.367 

44.926 

49. 900 

42.267 

41.533 

56.000  46.313 

15 

30 

*5 

60 

75 

90 

105 

120 

135 

150 

165 

180 

195 

210 

2  25 

15.  49.300 

90.333 

49.967 

38.500 

55.067 

46-267 

42.  300 

44.  133 

37. 033 

45.067 

43.900 

47.933 

40.767 

39.167  4  3-  167 

PXPLICATION'-O, 

45 

59 

73 

07 

101 

1  15 

129 

143 

157 

171 

195 

199 

213 

2 

16 

X. 

03.433 

49.600 

49.867 

49.467 

48.533 

54.  067 

47.867 

47.900 

43.600 

43.667 

50.03) 

43.300  < 

40.000 

4  3.500 

150 

164 

173 

192 

208 

2  20 

9 

23 

37 

51 

65 

79 

93 

107 

121 

J.  aj.200 

50.400 

43.200 

51.967 

53.933 

55-233 

49.  933 

42.267 

58.  133 

54.033 

44.967 

45.733 

49.800 

44.367 

60. J33 

90 

104 

113 

132 

146 

160 

174 

188 

202 

216 

5 

19 

33 

47 

61 

3.  55.967 

55.400 

57.533 

4  4.  )  6  7 

51.767 

46.533 

46. 967 

45.000 

40.733 

52. 267 

5  3.  767 

41.133 

44.933 

41.100 

47. 167 

195 

209 

223 

12 

26 

40 

54 

68 

82 

96 

1 10 

129 

1 38 

152 

166 

A.  47.  100 

54.033 

46.500 

47.157 

43.766 

44.  133 

50- 400 

46.342 

48.533 

44.200 

40.502 

49.567 

52.633 

44.000 

*  1.700 

105 

1  19 

133 

147 

161 

1  75 

189 

203 

217 

6 

20 

34 

90 

62 

76 

5.  42.767 

53 . 6  CO 

49.100 

40.267 

46.733 

43.300 

5  1.  333 

41.333 

46.933 

46.467 

48.067 

42.  J67 

43.300 

52.233 

52. 367 

100 

1  94 

20e 

222 

11 

25 

39 

53 

67 

8  1 

95 

109 

123 

137 

151 

4.  51.500 

42.033 

45.367 

46.233 

47.2J3 

45. 0J3 

49.  133 

39.033 

53.967 

49.200 

44.967 

46. 700 

49.700 

50.133 

45.  133 

60 

74 

83 

102 

1 16 

130 

144 

158 

172 

1S6 

200 

219 

3 

17 

31 

7.  50.  567 

42. 867 

55.233 

47.987 

42.200 

44.733 

41.000 

37.267 

51.667 

5  1.800 

43.  633 

44.667 

*9.267 

*3.057 

*9.40? 

15 

29 

43 

57 

71 

85 

99 

113 

127 

14  t 

155 

169 

1 8  3 

197 

211 

8.  50.867 

47.733 

42.  533 

50.  167 

50.967 

42.833 

49.033 

48.233 

50.567 

4 1.2U0 

4  7.  900 

45.567 

41.93) 

42.400 

52.033 

225 

14 

28 

«2 

56 

70 

04 

98 

112 

126 

140 

154 

168 

182 

196 

9.  53.809 

4J.467 

99.06  ; 

41.4 00 

56.433 

45.467 

48.800 

47.  667 

46.000 

52.533 

5*. 201 

44.667 

90.600 

43.433 

59.467 

135 

149 

163 

177 

191 

206 

219 

8 

22 

36 

50 

64 

78 

92 

106 

10.  43.967 

39.733 

44.233 

44.96  7 

44. 200 

47.267 

4  3.467 

4  5.  233 

48.900 

49.  167 

4  J.267 

*5.03  1 

50.93) 

45.3)3 

56. 100 

165 

179 

193 

207 

221 

10 

24 

30 

52 

66. 

no 

94 

109 

122 

1 J6 

11.  51.900 

43. 200 

53.500 

45.187 

46.900 

37.233 

46.867 

46.900 

51. 333 

t'l.  407 

45.Q00 

40.067 

*2.467 

52.133 

*7.567 

120 

134 

143 

162 

176 

190 

' 

218 

7 

21 

35 

99 

6) 

77 

91 

12.  51.367 

46.900 

5  1.5  33 

43.700 

44.6)3 

50.167 

55.600 

A  3.500 

43.  100 

*3.700 

33.  367 

41 . 600 

* J.300 

9  1.433 

*1.067 

30 

44 

5  5 

72 

66 

100 

1  1  4 

128 

142 

156 

170 

139 

198 

212 

1 

U.  49.  433 

48.000 

45.900 

43.100 

*»  7.000 

41.267 

44. 2 JJ 

48.567 

43. 600 

44.267 

*1.200 

*2.6)3 

61.83) 

36.700 

*5.900 

7  5 

09 

10  3 

1 1 ; 

131 

145 

159 

173 

187 

20  1 

215 

* 

19 

32 

*6 

14.  51.233 

46.167 

39.367 

51.200 

51.967 

43.733 

55.  **7 

49.4)3 

43.  73) 

40.33) 

4  3. 1 33 

99.633 

**.767 

67.900 

*9. 600 

310 

224 

13 

27 

41 

55 

69 

9) 

9  7 

111 

125 

1  39 

15) 

167 

?«1 

15.  45.533 

46.833 

40.307 

40.567 

46. 700 

45.267 

49-  100 

47.067 

*7.200 

*5*500 

53.733 

50.  667 

*  1.933 

*0.333 

52.533 

232 


• 
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APPENDIX  X  Weight  of  seeds  per  spike  at  Ellers lie 


(I  ITRSLtF.  KI.PL  ICAT I OS-1 .  WMOIT  Of _ iKI  I.S  f  >  K  5Ptrg 


(Slock) 

1. 

181 

1.977 

162 

2.081 

143 

1.656 

184 

2.4  17 

)*•> 

1.036 

186 

2.  106 

187 

2.  000 

1 J  8 

1 . 665 

189 

2.  147 

190 

1.760 

19  1 

1.9  11 

192 

1. 781 

191 

1.605 

194 

1.731 

195 

3.359 

1. 

18 

1.598 

17 

2.04  3 

18 

1.775 

19 

1.755 

20 

1.025 

21 

2.  113 

2  2 

2.260 

23 

1.  P64 

24 

1.958 

,25 

1.948 

26 

2.  320 

27 

T.515 

28 

1.711 

29 

2.051 

10 

1.500 

3. 

21  1 
2.048 

2  12 

1  .868 

213 

1.850 

214 

1.U68 

215 

2.082 

2  16 
2.022 

21  1 
2.051 

218 

1.789 

2  19 
1.964 

220 

2.018 

221 

1.993 

272 

2.093 

223 

1.745 

2  2  4 

1  .570 

225 

1.748 

4. 

48 

1.  867 

47 

1.817 

•  0 

1.752 

49 

1.4  18 

50 

1.90  1 

51 

1 . 84  4 

52 

2.011 

53 

1.500 

54 

1.784 

55 

1.598 

56 

2.  353 

57 

1.9)7 

59 

1.873 

59 

1.460 

60 

1.684 

3. 

108 

1.  778 

107 

1.256 

108 

1.705 

109 

1 . 636 

1  10 

1 . 897 

1  1  1 

1  .868 

112 

2.  126 

113 

1.654 

114 

1.513 

115 

1.966 

116 

1.  559 

117 

1.819 

118 

1.750 

1  19 

1  .080 

120 
1.60  1 

6. 

121 

1.880 

122 

2.143 

123 

1.453 

124 

1  .  1  bO 

125 

1.907 

126 

1.800 

127 

2.  216 

120 

1.666 

129 

2.005 

130 

1.522 

1)1 

l.b3d 

132 

1 .427 

133 

2.1)2 

1  )4 

1.539 

1 JS 
1.742 

7. 

91 

2.247 

92 

1.983 

93 

1.667 

94 

1.8  12 

95 

1.990 

96 

2. 344 

97 

1.  332 

98 

1.619 

99 

1.893 

100 

1.729 

10  1 
1.998 

102 

1.912 

103 

1.818 

104 

1.022 

105 

1.632 

8. 

81 

1.804 

62 

1.794 

63 

1.934 

64 

2.  329 

65 

1.620 

66 

1.047 

67 

1.905 

68 

1.897 

69 

1.440 

70 

1.66  1 

71 

1.735 

72 

1. 939 

73 

1.841 

74 

1.657 

75 

2.260 

9. 

151 

1.753 

152 

1.697 

153 

1.  56  1 

154 

1.5JJ 

155 

1.460 

156 

1.785 

157 

1.511 

153 

1.618 

159 

1.877 

160 

1.561 

18  1 
1.954 

182 

1.997 

163 

1.365 

164 

1.56  1 

165 

1.379 

10. 

1 

1.  587 

7 

1.923 

3 

2.227 

4 

1.99  1 

5 

1.743 

6 

1.893 

7 

1.  415 

3 

1.064 

9 

1.707 

.  10 
1.359 

1  1 

1.640 

12 

1.714 

13 

1.307 

14 

1.8  14 

15 

1.510 

11. 

196 

1.417 

197 

1.401 

193 

1.750 

199 

1.615 

200 

1.522 

201 

1.474 

202 

1.  569 

203 

1. 749 

204 

1.990 

205 

1.524 

208 

1.794 

207 

1.  494 

208 

1.556 

2  09 

1.629 

210 

1.339 

12. 

31 

1.  456 

32 

1.884 

33 

1.576 

34 

1.  164 

35 

1.554 

36 

1.705 

37 

1.836 

38 

1.529 

39 

1.984 

40 

1. 578 

41 

1.  523 

42 

1.695 

43 

1.435 

44 

1.628 

45 

2.067 

13. 

136 

1.607 

1  37 
1.813 

133 

1. 976 

139 

1.813 

140 

1.887 

14  1 

1.727 

142 

1.606 

143 

2.265 

144 

1.629 

145 

1.465 

146 

1.854 

147 

1.926 

1«8 

1.513 

149 

1.741 

150 

1.878 

14. 

76 

1.283 

77 

1.350 

73 

1.685 

79 

1-622 

80 

1 .  SO  4 

81 

1.506 

32 

1.  359 

83 

1.6  13 

an 

1.570 

35 

1.507 

86 

1. 464 

37 

1.757 

88 

1.688 

39 

1.76  4 

90 

2.020 

15. 

158 

1.953 

167 

1.325 

163 

1.689 

169 

1.559 

170 

1.492 

171 

1.681 

172 

1. 973 

173 

1.973 

174 

1.602 

175 

1.371 

176 

1.507 

177 

1. 692 

173 

1.467 

179 

1.604 

180 

1.673 

RSPLICATIOM-2. 


1. 

14 

1.639 

29 

1.955 

44 

1.553 

59 

1.576 

74 

1.699 

89 

2.375 

104 

1.878 

119 

1.63  1 

134 

1.994 

149 

1.957 

164 

1.876 

179 

1.760 

194 

1.566 

209 

2.494 

224 

1.740 

2. 

1 

1.  63  7 

16 

1.886 

31 

1.605 

46 

1. 680 

61 

1.695 

76 

1.924 

91 

2.301 

106 

1.796 

121 

2.  172 

1.3  6 

1. 870 

151 

2.  1  33 

166 

2.331 

101 

1.679 

156 

1  .625 

211 

1.735 

3. 

9 

1.  949 

24  - 
1.578 

39 

1.627 

54 

1.769 

69 

1.800 

84 

2.  1  10 

99 

2.098 

1  14 
1.678 

129 

2.008 

1U4 

1.696 

159 

1.933 

174 

1.719 

189 

2.04  5 

204 

1  .984 

219 

1.842 

6. 

2 

1.372 

17 

2.139 

32 

2.099 

47 

1. 625 

62 

1.629 

77 

1.193 

92 

1.692 

107 

1.378 

122 

1.727 

137 

1.754 

152 

1.4  59 

167 

1.485 

182 

1.085 

197 

1.540 

212 

1.616 

5. 

5 

2.04  2 

21 

1.864 

36 

1.873 

51 

1.827 

66 

1.894 

81 

1.791 

96 

2.  162 

1  1 1 

1.860 

126 

1.665 

141 

1  .530 

156 

1-671 

171 

1. 475 

186 

1.801 

201 

1.763 

216 

2.431 

6. 

11 

2.  103 

26 

1.513 

41 

1.547 

56 

2.  128 

71 

1.674 

86 

1.611 

10  1 

1.353 

116 

1.428 

131 

1.837 

146 

1.698 

161 

1.  709 

176 

1.560 

191 

1.204 

206 

2.048 

221 

1.394 

7. 

10 

1.  341 

25 

1.636 

40 

1.999 

55 

1.  S3  1 

70 

1.637 

85 

1.836 

100 

1.432 

115 

2.006 

130 

1.530 

145 

1.826 

160 

2.  007 

175 

1.980 

190 

1.S8  1 

205 

1.754 

220 

2.075 

8. 

0 

2.001 

23 

1.785 

33 

1.473 

53 

1.339 

68 

1.646 

83 

1.878 

98 

1.852 

1  13 

1.812 

128 

2.190 

143 

1.984 

158 

1.  524 

173 

1.099 

133 

1.721 

203 

1.8  22 

218 

1.758 

9. 

3 

2.337 

10 

1.479 

33 

1  .749 

48 

1.633 

63 

1.630 

78 

1.506 

93 

1.564 

103 

1.  444 

123 

1.719 

138 

1.624 

153 

1.625 

168 

1.913 

193 

1.497 

198 

1.807 

213 

1.833 

10. 

13 

1.  *87 

28 

1.572 

*3 

1.305 

53 

1.  540 

73 

1.589 

83 

1  .515 

103 

1.4  4  J 

1  19 

1.900 

133 

1.475 

148 

1.656 

163 

1.431 

178 

1-658 

193 

1.575 

208 

1 .325 

221 

1.792 

u. 

12 

1.732 

27 

1.412 

42 

1.639 

57 

1.887 

72 

1.890 

87 

1  .797 

102 

1.888 

1  17 
1.654 

132 

1.571 

147 

1.459 

162 

1.  504 

177 

1.604 

192 

1.670 

2  07 
1.537 

222 

1.728 

12, 

5 

1.855 

20 

1.622 

35 

1.205 

50 

1.594 

65 

1.779 

30 

1.6  06 

95 

1.603 

215 

2.  275 

200 

1. 799 

185 

2.061 

170 

1-556 

155 

1 . 548 

140 

1.561 

125 

1.701 

no 

1.469 

13. 

4 

1.050 

19 

1.431 

3* 

1  .648 

49 

1.720 

64 

2.000 

79 

1.733 

94 

1.540 

109 

1.  433 

124 

1.540 

139 

2.036 

154 

1.573 

169 

1.  619 

184 

1.517 

199 

1.562 

21* 

1.393 

14, 

7 

1.518 

22 

1.682 

37 

1.9  13 

52 

1.626 

67 

1.208 

82 

1.511 

97 

1.618 

112 

1.856 

127 

2.016 

142 

1.704 

157 

1.  56  4 

172 

1.701 

137 

1.755 

2  02 
1.922 

217 

1.783 

15. 

15 

1.664 

30 

1.454 

45 

1.654 

60 

1.464 

75 

2.105 

90 

1.680 

105 

'.331 

120 

1.442  • 

135 

1.44  1 

150 

1,815 

155 

1.  338 

180 

1.514 

195 

1.538 

210 

1.918 

225 

1.33  1 

RKPI.I  CAT  LOU-  3 , 

17  1 

1.519 

105 

1.6  20 

1)9 

2.  268 

45 

1.  1.680 

00 

1.515 

7  ) 

1.925 

U  7 

1.755 

101 

2.279 

1  15 

1 . 966 

129 

1.992 

14  J 

1  .740 

157 

1.795 

2  1  i 

1.913 

1  .780 

1.656 

150 

2.  1.644 

1  b4 
2.075 

178 

1.726 

192 

1 .905 

206 

2.258 

220 

2-038 

9 

1.640 

23 

1.899 

37 

2.674 

51 

2.074 

66 

2.  120 

79 

1 .  o4 4 

9) 

1.860 

107 

1  .9)5 

121 

2.430 

90 

3.  2.267 

1  04 

2 .26  7 

1  18 

2.653 

132 

1 . 599 

1U6 

2.389 

1.60 

2.  102 

174 

1.752 

1H8 

2.069 

20  2 
1.991 

216 

2.260 

5 

2.504 

19 

1.993 

33 

1.986 

47 

1 .609 

6  1 

1.656 

195 

1.7*5 

209 

2.218 

223 

1.029 

12 

1.658 

25 

1.920 

40 

1.72  1 

54 

1.697 

68 

1.729 

82 

2.  155 

95 

1.734 

1 10 

1.88  1 

124 

1.932 

133 

2.  167 

152 

1.636 

166 

1.612 

10  5 
1.359 

1  19 

2.006 

1  J3 

1. 73B 

14  7 

1.613 

lb  1 

1.755 

179 

1.58) 

10  9 

1.859 

20  3 

1.606 

217 

1.812 

6 

1.963 

20 

1.725 

34 

1.  524 

40 

1. 042 

62 

1.758 

76 

1.533 

180 

6.  1.792 

194 

1.5*3 

200 

1.658 

222 

1. 970 

11 

1.709 

25 

1.390 

39 

1.328 

53 

1.384 

67 

1.327 

81 

1.695 

95 

1.648 

109 

1. 573 

12) 

1  .74  1 

1  )7 

1.800 

151 

1.647 

60 

7.  1.575 

74 

1  .520 

88 

2.263 

102 

1.869 

116 

1.522 

130 

1.569 

144 

1.561 

153 

1.531 

172 

2.013 

186 

2.010 

200 

1.506 

214 

1.581 

3 

1.9)  1 

17 

1.724 

31 

1.756 

15 

«.  1.927 

29 

1.779 

43 

1.364 

57 

2.248 

71 

1.805 

86 

1.67  1 

99 

1.754 

113 

1.66? 

127 

1.776 

14  1 

1  .636 

155 

1-659 

169 

1.699 

183 

1.994 

197 

1.655 

211 

2.0)8 

225 

9.  2.  U2 

14 

1.639 

28 

1.876 

*2 

1.659 

56 

2-  182 

70 

1.733 

84 

1.747 

S3 

1.759 

112 

1.492 

126 

1.734 

140 

0.4  97 

154 

1.695 

160 

1.  405 

182 

2.073 

196 

2.149 

135 

10.  1.960 

149 

1.578 

16  3 

1.575 

177 

1.668 

191 

1.733 

205 

1.976 

219 

1. 80) 

8 

1.905 

22 

1.919 

36 

1-64  1 

50 

1.  042 

64 

1.621 

70 

1.795 

92 

1.U1  1 

106 

1.658 

165 

11.  2.0)9 

179 

1.686 

193 

1.082 

20  7 

1. 62  J 

221 

1.666 

10 

1.  102 

24 

1.  B13 

39 

1.851 

62 

2.066 

66 

1.977 

00 

1. 49  4 

94 

1.33) 

100 

2.02  6 

122 

2.044 

1  36 

1.7  17 

120 

12.  1.571 

13* 

1.510 

1*8 

1.78  1 

162  . 
1. 509 

175 

1.  )  3  1 

190 

1.052 

204 

2.  182 

219 

1.520 

7 

1.557 

21 

1.697 

35 

1.330 

*9 

1.701 

61 

1.74  1 

77 

1.570 

91 

1.631 

30 

n.  1.827 

44 

1 .769 

58 

1.6  16 

72 

1.818 

06 

1.408 

100 

1.464 

114 

1.  39  1 

129 

1. 766 

142 

1.802 

156 

1.500 

170 

1.68) 

134 

1.561 

190 

2.000 

212 

1.344 

1 

1. 600 

75 

14.  1.850 

89 

1.372 

103 

1.309 

117 

1 . 750 

111 

1.990 

145 

1.541 

159 

2.025 

17) 

1.97  1 

187 

1.739 

201 

1-815 

215 

1.036 

4 

1.92) 

13 

1.561 

32 

1.667 

46 

1.798 

210 

13.  1.683 

22* 

1.836 

U 

1.420 

27 

1.459 

41 

1.813 

55 

1  •  *  4  J 

69 

1.655 

8) 

1.993 

97 

1.516 

111 

1.6  12 

125 
2,00  J 

139 

1.996 

15) 

1.614 

167 

1.529 

181 

1.9*9 

231 
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APPENDIX  XI  1000-kernel  weight  at  Ellerslie 


ILLFUSLIE  RF.lUCATIPN-l,  10f*0- 1 1.  XM  L- VI  fCHT 


<lutk)  1.1 
i.  %a.368 

1  5 

i 

18  1 

37. 3P9 

18  4 

41.811 

185 

4  J  .  0  6  7  * 

1  06 

44 .240 

18  7 

*»0,  671 

188 

4  4. 564 

189 

4  3.968 

190 

42.666 

19  I 

40. 306 

192 

34.456 

193 

37.35 ) 

194 

38.772 

195 

4  1.058 

2. 

16 

36.621 

17 

42.099 

13 

36.084 

19 

35.482 

20 

4  1.759 

2  1 

)S.CtJ6 

2  2 

39.308 

23 

4  2.  362 

24 

44.011 

26 

39.511 

26 

45.723 

27 

J6.027 

28 

3  6 . 54  7 

29 

41.849 

30 

36.9(37 

5. 

21  1 

33.234 

212 

42.769 

2D 

35.451 

214 

42.461 

215 

4  3.00  3 

216 

40.444 

2 17 

34.551 

218 

4  1.4  18 

219 

42.627 

220 

38.126 

221 

37.5»6 

222 

*2.  )47 

223 

39.820 

224 

35.02  1 

225 

34.397 

4. 

46 

39.  967 

47 

45.895 

aa 

ofc.  177 

49 

36. 727 

50 

44.716 

5  1 

30.099 

52 

42.690 

53 

36.296 

54 

37.  186 

55 

39.500 

56 

4  1.493 

57 

40.029 

53 

37.6  38 

59 

32.470 

60 

30.905 

3. 

106 

35.  85  1 

107 

20.364 

1C3 

39.62 1 

109 

3).  15  1 

110 

35.203 

111 

3**  .545 

112 

33.651 

113 

JS.466 

114 

33.565 

115 

40.860 

116 

36. 472 

117 

36.167 

118 

39.566 

1  19 

37.734 

120 

35.678 

4. 

121 

33.  213 

122 

37.173 

123 

29.234 

120 

2  7.607 

125 

37.500 

126 

35. 193 

127 

35.032 

128 

4  1.6  18 

129 

37.764 

130 

38.369 

1)1 

35. 1B7 

132 

37.713 

133 

42.096 

1  34 

35.998 

1  35 

39.963 

7. 

S  1 

4*.  266 

92 

41.811 

93 

35.513 

94 

35.282 

95 

42.62  3 

96 

43.204 

97 

32.709 

98 

36.797 

99 

36. 029 

100 

39.644 

10  1 

40. 738 

102 

n.  101 

103 

o  1.003 

104 

38.232 

105 

35.889 

4. 

4  1 

40.  787 

62 

35. 288 

63 

38.538 

64 

39.069 

65 

33.594 

66 

37.713 

67 

32.501 

68 

38.159 

69 

33.607 

70 

33.  840 

71 

32.077 

72 

39.261 

73 

35.471 

74 

38.646 

75 

40.280 

3. 

151 

37. 225 

152 

35.508 

153 

3J.632 

154 

29.732 

155 

30.  »7a 

156 

32.389 

157 

32.160 

168 

30.567 

159 

37.520 

160 

35.624 

16  1 

33.  034 

162 

38.205 

163 

32.200 

164 

34.377 

165 

38.857 

10. 

1 

34.81  9 

2 

36.005 

3 

39.878 

4 

36.960 

5 

37.894  • 

6 

33.692 

7 

32.906 

8 

4  1.17  1 

9 

30. 329 

10 

35.469 

1  1 

38.768 

12 

34. 145 

13 

3  7.797 

14 

32.287 

15 

35.952 

11. 

196 

32.  99  1 

197 

34.067 

198 

30.089 

199 

36.261 

200 

31.261 

201 

3 1 .197 

202 

36.  703 

203 

37.9  39 

204 

39.365 

205 

3  3.674 

206 

33.106 

207 

35. 273 

208 

32-399 

204 

36.399 

210 

3  1  . 0  C  6 

12. 

31 

34.043 

32 

37.309 

33 

40.478 

34 

30. 660 

35 

37. 389 

36 

3J .566 

37 

40.262 

38 

35.065 

39 

39.973 

40 

32.  10  1 

41 

39.943 

42 

39.667 

4) 

34.  19  0 

44 

35.199 

45 

3  3.473 

n. 

136 

39.  827 

137 

33.646 

138 

4  T.039 

1  39 

37. 772 

140 

3  7.97  C 

14  1 

40.135 

142 

39.076 

143 

40.067 

144 

47. 879 

195 

35.985 

146 

4  0.00  1 

147 

38.411 

143 

34.238 

149 

40.924 

150 

34.896 

14. 

76 

29. 724 

77 

39.104 

79 

33.1 83 

79 

37.67  1 

80 

33.708 

8  1 

34.887 

82 

36.189 

83 

40.648 

84 

35.949 

85 

37.251 

36 

30.722 

87 

33.613 

38 

37.217 

89 

37.358 

90 

40.220 

15. 

165 

35.003 

167 

38.309 

163 

33.725 

169 

39.472 

170 

36.929 

171 

36 .915 

172 

44.203 

173 

43.877 

174 

3 1.622 

175 

37.605 

176 

3  1.797 

177 

35-474 

173 

35.  288 

179 

36.995 

100 

3  5.435 

REPLICATIONS. 

1. 

14 

32.  23  4 

29 

30.506 

40 

34.70  1 

59 

35.594 

74 

36.314 

89 

37.333 

104 

37.997 

1  19 

33.280 

134 

39.  135 

149 

40.Q04 

164 

40. 379 

179 

41. 866 

194 

33-604 

209 

4 1  .696 

224 

36.292 

2. 

1 

36.727 

16 

33.58  1 

31 

33.69  1 

46 

30.034 

61 

39.031 

76 

36.240 

91 

42.229 

106 

35.675 

121 

38.  100 

136 

43.660 

151 

50. 193 

166 

35. 934 

181 

42.379 

196 

39.293 

211 

37. S  20 

3. 

9 

33.477 

24 

39.813 

39 

33.670 

5  4 

35.885 

6  5 

43.627 

84 

42.480 

99 

41.276 

114 

37.  49  1 

129 

40.041 

144 

44.576 

159 

44.823 

174 

36. 107 

189 

43.020 

204 

90.047 

2  i  9 

37. 3S4 

4. 

2 

36.523 

17 

02.023 

32 

41.871 

47 

4  1.  86  1 

62 

32.366 

77 

33.379 

92 

33.37 1 

107 

34.224 

122 

35.753 

137 

36.020 

152 

36.  56  1 

157 

33. 771 

182 

37.938 

197 

33.639 

212 

35-634 

3. 

6 

38.337 

21 

32. 5C3 

36 

36.181 

51 

37. 9  13 

66 

40.421 

81 

34.710 

96 

40. 159 

111 

34.482 

126 

34.396 

141 

35.915 

755 

34.  87  1 

171 

31.204 

186 

37-044 

201 

36.800 

216 

42.620 

6. 

11 

42.  523 

26 

39.575 

0  1 

40.638 

56 

36.773 

71 

34.492 

86 

35-004 ' 

10  1 

42.850 

116 

38.277 

131 

33. 199 

146 

37.985 

161 

33.956 

176 

32.016 

191 

3  8-4  17 

206 

40.420 

221 

33.783 

7. 

10 

33.769 

25 

33  .099 

00 

37.665 

55 

35.653 

70 

37.86b 

85 

43.080 

100 

35.606 

115 

42.  124 

130 

39.806 

145 

4  1 . 060 

160 

4  1.  365 

175 

42. 157 

190 

36.880 

2C5 

38.012 

220 

37. 303 

3. 

8 

42. 3  10 

23 

40.983 

38 

39.397 

S3 

35.029 

68 

37.706 

83 

39.  1  19 

93 

33.915 

113 

37.493 

123 

39.511 

143 

3  7.599 

158 

32.  4  13 

173 

39.414 

108 

41.635 

20) 

40.595 

218 

39.511 

9. 

3 

39.  336 

18 

33.945 

33 

01.474 

49 

44. 350 

63 

39.289 

79 

33  .275 

93 

35.027 

108 

33.552 

123 

33.842 

133 

36.776 

153 

38.395 

163 

39.350 

183 

36.679 

198 

31-754 

213 

34.934 

10. 

13 

38.799 

29 

33.420 

43 

34.510 

53 

34.986 

73 

35.903 

89 

33.023 

103 

33.493 

118 

39.439 

133 

39. 259 

148 

32.424 

163 

33.051 

178 

SO. 314 

193 

33.022 

2GB 

35.500 

223 

38.392 

U, 

12 

32.646 

27 

34.163 

42 

37.503 

57 

33.34  1 

72 

41.984 

87 

35.389 

102 

42.  461 

1  17 

35.6  14 

132 

36.252 

147 

36.252 

162 

34.730 

177 

35.658 

192 

38.507 

207 

37.115 

222 

35-390 

12. 

5 

36.943 

20 

32.324 

35 

34.394 

50 

34.210 

'  65 
38.643 

80 

30.822 

95 

36.804 

215 

46.992 

200 

3  5.556 

135 

36.751 

-  170 

34.547 

155 

34.456 

140 

36-864 

125 

37.652 

110 

3 3.682 

13. 

4 

39.714 

19 

31.767 

34 

36. 179 

49 

36. 152 

64 

37.770 

79 

36.670 

94 

32.711 

109 

38.776 

124 

34.060 

139 

43.015 

154 

30.917 

169 

34.399 

184 

36.166 

199 

37.712 

2  14 

38.786 

14. 

7 

31.083 

22 

36.153 

37 

37.687 

52 

39.295 

67 

25.171 

82 

36.653 

97 

33. 113 

112 

38.389 

127 

34.232 

142 

38.478 

157 

31.511 

17  2 

40,122 

137 

42.372 

202 

34.345 

217 

38. 173 

15. 

15 

33.  739 

30 

35.940 

45 

37.228 

60 

37.675 

75 

3S. 227 

90 

36.452 

105 

30.972 

120 

32.865 

135 

39.086 

150 

4  0.250 

165 

31.125 

180 

31.881 

195 

30.281 

210 

35.956 

2  25 

30.447 

REPLICATIONS, 

185 

36-347 

199 

45. 253 

213 

39.273 

16 

33.756 

1. 

45 

37.  930 

59 

34.859 

73 

38.642 

97 

36.114 

101 

46. 229 

1 15 

40.848 

129 

36.781 

143 

36.751 

157 

37.465 

17  1 

3  4.709 

37.094 

2. 

150 

33.451 

160 

91.211 

178 

40.393 

192 

39.077 

206 

42.04  3 

220 

36.696 

9 

33.004 

23 

44.577 

37 

46.409 

51 

38.413 

65 

42. 328 

79 

35.  315 

93 

37.496 

107 

43.734 

121 

•0.329 

3. 

30 

39. 984 

104 

«0.5J7 

1  1  3 

46.162 

1  32 

3S.794 

146 

46.236 

160 

04.978 

174 

37.286 

188 

45.9J0 

202 

49. 180 

216 

**3.0  78 

5 

47.  149 

19 

36.328 

33 

44.992 

47 

35.836 

6  1 

35.522 

4. 

195 

36. 651 

209 

40.783 

223 

39.504 

12 

35.005 

26 

42.397 

40 

39.191 

54 

33.624 

63 

36.056 

82 

44.671 

35 

39. OSS 

no 

37.631 

124 

39.24® 

130 

41.214 

152 

17.205 

165 

38.022 

3. 

10  5 

32.  106 

1  19 

37.464 

133 

35.092 

147 

40. 187 

161 

37.732 

175 

36.146 

139 

36.  180 

203 

39.  149 

217 

39.  191 

6 

4  1.932 

20 

35.830 

34 

35.131 

40 

38.213 

62 

34.109 

76 

30.067 

6. 

130 

35.077 

194 

35.8 £8 

206 

36.570 

222 

42.812 

11 

37.550 

25 

JO. 150 

39 

37.321 

63 

35.945 

67 

33.679 

ni 

54.620 

95 

36.047 

109 

33.  264 

123 

35. 346 

137 

35.727 

151 

36.949 

7. 

60 

31.  155 

74 

35.289 

68 

00.937 

102 

39-092 

116 

36.5»2 

130 

35.093 

144 

38. 331 

158 

4  1. 364 

172 

39.960 

106 

33.069 

200 

34.880 

2  14 

35.299 

3 

39.320 

17 

35.958 

3) 

35.331 

S. 

15 

33.026 

29 

37. 197 

43 

31.559 

57 

44.816 

71 

37.204 

95 

39.041 

99 

35.777 

1  13 

34.572 

127 

35.  105 

141 

37.957 

155 

34.503 

169 

37.081 

183 

35.817 

197 

38.342 

211 

33.619 

3. 

225 

39. 169 

14 

37.076 

28 

33.202 

42 

40.237 

56 

38.542 

70 

38. 107 

34 

36.123 

98 

36. 816 

112 

32.455 

126 

32.886 

140 

38. 330 

154 

33.404 

168 

3S. 362 

182 

42.844 

196 

39.4  19 

10. 

135 

90.227 

149 

39.367 

18  3 

35.604 

177 

36.336 

191 

39.2»3 

205 

41.940 

219 

4  1.655 

8 

4  1,897 

22 

39.360 

36 

34.166 

50 

43.  334 

44 

36.  0  31 

78 

35.385 

92 

39-571 

106 

29.488 

11. 

t65 

39.  266 

179 

39.019 

19) 

35. 220 

2  07 

35.934 

221 

36.515 

13 

31.583 

24 

38.022 

38 

39.909 

52 

40.038 

66 

40.068 

'80 

32.68 1 

94 

33.  100 

108 

47.901 

122 

39.322 

136 

35.883 

12. 

120 

30.070 

1)4 

32.569 

1«8 

34.648 

162 

37.  157 

176 

39. 149 

190 

36.476 

20  4 

38. 715 

218 

34.945 

7 

36.020 

21 

33.477 

35 

39. 723 

49 

40.433 

63 

40.053 

77 

37.619 

91 

39.540 

12* 

30 

35.900 

44 

37.149 

53 

35.708 

72 

42.310 
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APPENDIX  XII  Yield  per  plant  at  Ellerslie 
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14.000 

IS. 698 

11. 949 

12-876 

14.635 
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20.703 

13.  155 
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21 .503 

1  18 
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22.309 

166 

25.440 

3. 

10  5 

13.308 

1  19 
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21-962 

175 
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21.034 
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16.076 

56 

24.041 

70 
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21.102 

24 

26. 331 

38 

19.778 

52 
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14.622 

215 

18.040 

4 

17.002 

10 

15. 124 

32 

10. 136 

46 
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APPENDIX  XIII  Onset-of-heading  at  Parkland 
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5-000 

5 

4.000 

19 

5.000 

33 

5.000 

47 

5.000 

61 

5.000 

68 

4.000 

82 

S.OOO 

96 

6.000 

HO 

7.000 

124 

6.0QO 

138 

5.00  0 

152 

6.000 

166 

6.000 

203 

6,000 

217 

5.QOO 

6 

4.000 

20 

6.000 

34 

5.000 

48 

6.000 

62 

5.000 

76 

7.0QO 

53 

5.000 

67 

4.00  0 

31 

7.000 

95 

6.000 

109 

7.000 

123 

6.000 

137 

8.000 

151 

6.000 

158 

7. COO 

172 

5.000 

186 

5.000 

200 

6.000 

214 

5.000 

J 

5. 000 

17 

S.OOO 

31 

6.000 

113 

6.000 

127 

5-000 

141 

6.000 

155 

7.  OOO 

169 

4.000 

133 

6.000 

197 

6.000 

2T1 

10.000 

SO 

$.000 

112 

5.000 

126 

7.000 

140 

5.000 

154 

6.000 

168 

7,000 

102 

5.000 

196 

9.000 

a 

5.000 

22 

4. -COO 

36 

6.000 

50 

5.000 

•  64 

6.000 

78 

8.000 

92 

6,000 

106 

6.000 

38 

5.000 

52 

4.  OOO 

66 

5.000 

80 

8.000 

94 

6.000 

109 

5.000 

122 

6.000 

136 

6.000 

218 

6.000 

7 

7.000 

21 

6.000 

35 

6.  OOO 

49 

5.000 

63 

5.000 

77 

6.000 

91 

a. OOO 

128 

6.000 

142 

5.000 

15$ 

5.000 

170 

6.000 

184 

7.000 

199 

$.000 

212 

7,000 

1 

6.000 

17) 

4.000 

107 

S.OOO 

201 

5.000 

215 

6.000 

4 

6. OOO 

19 

7.000 

32 

5.000 

46 

6.000 

83 

5.000 

97 

7.000 

111 

6.000 

125 

6.000 

139 

6.000 

153 

6,000 

1 67 
7.000 

181 

4.000 

238 
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APPENDIX  XVI 


Plant  height  at  Parkland 


PAKKlANil  tJ  t’! 

IC  \T  ION- 1 . 

Pl.VNT 

lir  lorr 

<81ock)  le, 

n>2 

1H  J 

1  H  4 

135 

1  H6 

18 ; 

1M8 

1 119 

140 

1. 

7  1.950 

73. 550 

108. 7t>0 

90.  rco 

'»3. 4  <i  0 

83  .  l>5  0 

95.440 

7*1.560 

99.440 

7  6 . *  50 

16 

17 

1  3 

1  9 

20 

21 

22 

23 

24 

26 

2. 

74. 040 

75.290 

105. 010 

* J. 270 

111. 050 

ns.  3  30 

79.240 

39. P  10 

76.6  10 

10  9.  ft  4  0 

31  1 

2  12 

213 

2  1  4 

2  15 

2  16 

217 

218 

219 

720 

3. 

9  1.  tSO 

94.680 

90. 700 

7u.  8  TO 

76.900 

99.230 

101. 300 

77. 0  JO 

76.030 

109.680 

4  6 

47 

40 

4  9 

50 

51 

52 

53 

5ft 

56 

6. 

102. 570 

78.440 

67.710 

ii a .  mo 

85.930 

107. 370 

0  1 . 4  bO 

102.  330 

1  18.070 

106. 370 

106 

107 

108 

109 

1  10 

1  1  1 

1  1  2 

113 

1  1  ft 

116 

3. 

104. 360 

120.1 50 

77.  140 

10U. 210 

127. J30 

1  2b. HOG 

109.  370 

90.063 

121 . 060 

78.870 

12  1 

12? 

123 

124 

125 

126 

127 

128 

129 

130. 

6. 

106.800 

93.410 

122. 270 

92.690 

91.770 

109. 620 

122. 260 

32.760 

95.700 

39. £  30 

9  1 

9? 

93 

94 

95 

96 

97 

90 

99 

too 

7. 

76.000 

82.240 

120.800 

110. 520 

04.5*40 

78.440 

120. 080 

1  1  2.  3 40 

102.620 

93. 470 

6  1 

5  2 

63 

64 

65 

66 

67 

68 

69 

70 

8. 

99.  190 

120.790 

101.260 

93.010 

87. 6S  0 

75. 750 

1  17. 800 

82.960 

83. 2 60 

TO  7.08  0 

15  1 

152 

153 

154 

155 

156 

IS  7 

158 

159 

160 

9. 

75.  110 

112.010 

105.660 

12  5.  14  0 

123. 490 

109. 730 

127. 500 

129.465 

76. 890 

81.180 

1 

2 

3 

ft 

5 

6 

7 

8 

9 

10 

10. 

103.  190 

79.230 

77.300 

105.  2«0 

74.490 

69.910 

1 26. 933 

76. 330 

125. 160 

81.960 

196 

1  97 

198 

199 

200 

201 

20  2 

293 

204 

205 

u. 

97. 760 

99.260 

1 16. 600 

75.990 

103.  830 

95-970 

82.090 

30.469 

85.520 

102.020 

3  1 

32 

33 

34 

35 

36 

37 

38 

39 

90 

12. 

78. 500 

79.360 

80.270 

103.760 

95.330 

113.990 

90.  230 

96.623 

80. 720 

116.110 

13  6 

137 

130 

1  J9 

140 

1  4  1 

142 

143 

144 

115 

13. 

81.850 

124.640 

76 . 4  3  0 

75.660 

109. 620 

110.990 

79.  630 

108. 000 

82.230 

1  G9.S60 

76 

77 

70 

79 

90 

3  1 

82 

83 

8ft 

35 

1*. 

124. 600 

96.210 

126. 240 

93.490 

131.290 

1 11.030 

37.053 

3 1.2C9 

1 C  3 . ft  90 

107.  3  20 

166 

167 

168 

169 

170 

171 

172 

173 

174 

17  5 

13, 

110.  150 

80.920 

105. C60 

104.000 

11  5. 24  0 

93.900 

78.550 

80.203 

123. 760 

94.7  70 

ILL?  LI  CAT  I  ON- 2. 

1  4 

29 

4  ft 

59 

7ft 

89 

10« 

1  19 

134 

149 

1. 

112. 67 0 

67 . C  c  0 

91.  160 

120. 360 

72.570 

89.610 

06. 390 

83.480 

39. ft  30 

7  G.  140 

1 

16 

31 

46 

61 

76 

9  1 

106 

121 

136 

2. 

95.270 

73.900 

79.  020 

10 1- 290 

98. 050 

94 .4  90 

93.630 

117. 100 

70. 320 

95.450 

9 

24 

39 

54 

69 

84 

99 

1  14 

129 

Iftft 

3. 

117.380 

76.580 

75.580 

101-590 

73-250 

102-960 

103. 460 

113.760 

10  1. 210 

8C.730 

2 

17 

32 

47 

62 

77 

92 

107 

122 

137 

4. 

78. 340 

74.820 

75.330 

78.550 

115-510 

91.290 

82- 490 

125.  9  10 

95.  620 

1 1 3.800 

6 

21 

36 

5  1 

66 

81 

9  6 

1  1  1 

126 

1ft  1 

3. 

75. 090 

115. 390 

102. 560 

109. 090 

75.650 

106.390 

75.830 

1  1ft. 940 

102.270 

98.4  10 

1  1 

26 

4  1 

56 

71 

86 

10  1 

1  16 

1  31 

146 

6. 

77. 060 

75- 340 

79. 620 

98. 320 

1  10.060 

1  13.270 

30.230 

94.560 

92.000 

00. IriO 

10 

25 

ao 

55 

70 

85 

100 

115 

130 

1ft5 

7. 

77.  990 

100. 950 

112. 100 

95.990 

103.050 

loo.ceo 

90. 370 

74.500 

85.440 

102.220 

9 

23 

38 

53 

68 

83 

98 

1  13 

128 

113 

8. 

70. 340 

91  .900 

93.520 

1 02- 750 

77.700 

79.270 

109. 810 

87.340 

76.420 

94.790 

3 

IS 

33 

0  8 

63 

70 

93 

108 

123 

133 

9. 

74. H30 

106.  170 

78.030 

81. 650 

101.  130 

117.990 

1 17. 630 

75.24C 

1  13.220 

33. 790 

1  3 

23 

ft  3 

58 

73 

09 

103 

110 

133 

148 

10. 

83. 533 

113.011 

103.900 

107-  150 

119.600 

1  00.840 

73.440 

75.530 

32.010 

123.730 

12 

27 

4  2 

57 

72 

87 

102 

117 

132 

147 

11. 

1  12. 870 

116.630 

75.360 

77- 130 

74.890 

94.390 

77. 300 

97.540 

77.630 

77.580 

5 

20 

35 

’  50 

65 

80 

95 

110  . 

125 

140 

U. 

64. 680 

100.330 

39.520 

32.540 

90.  170 

1  24 . 420 

86.460 

123.900 

86.570 

105-950 

8 

19 

3ft 

49 

oft 

79 

9ft 

109 

124 

139 

13. 

100.  230 

92.420 

106. 530 

106- 320 

96. 400 

89.730 

99.000 

1U.516 

92.760 

77.490 

7 

22 

37 

52 

67 

82 

97 

112 

127 

142 

14. 

120.  650 

80.0  10 

90.060 

78.910 

124.730 

91 . 720 

127.360 

111.660 

119.470 

76.920 

15 

30 

»5 

60 

75 

90 

105 

120 

135 

150 

15. 

100.  260 

111 .360 

96 . 7b  0 

126.700 

103.000 

aft. 300 

113. 050 

33. 330 

86,570 

99. 150 

REPLICATION- 3. 


1. 

4  5 

90. 060 

59 

109. 0<*O 

73 

103.670 

37 

79.060 

101 

70.590 

1  15 

73.670 

129 

94.0  10 

143 

113.680 

157 

90.  740 

17  1 

90.430 

2. 

150 

95.46  0 

164 

70-520 

178 

107. 300 

192 

95, 420 

206 

92. 170 

220 

105.440 

9 

11  U.  730 

23 

80.410 

37 

76.420 

51 

90.700 

3. 

90 

79.  '3  70 

1  0  ft 

93.880 

118 

76.130 

1  32 

60. 130 

1ft6 

76.380 

160 

75.210 

174 

112. 200 

138 

75.970 

202 

73.  120 

215 

92. 160 

4. 

195 

79.020 

209 

77.8ft0 

223 

101.930 

12 

112.9  10 

26 

75.600 

40 

111.520 

54 

1 11.750 

68 

73.573 

32 

86.530 

96 

01.130 

5. 

105 

108.700 

1  19 

86.700 

133 

75.540 

147 

82.3  10 

161  . 

1  1  0.390 

175 

87.430 

139 

100.  670 

203 

30.280 

217 

113.  U0 

6 

74.920 

6. 

180 

100. 560 

1  9  ft 

109.650 

2CB 

1  1«.720 

222 

77.260 

1 1 

81.150 

25 

99.830 

39 

00.  3  30 

53 

107.580 

67 

lift. 210 

81 

101.580 

7. 

60 

116. 360 

7ft 

80.600 

68 

93.160 

102 

73.850 

1  U 

89. 19C 

130 

90.680 

144 

76.543 

158 

124.710 

172 

90.210 

186 

•7  1.  360 

3. 

15 

86.940 

29 

70.280 

43 

102.480 

57 

64.520 

7-1 

113.770 

05 

107.420 

99 

96.410 

113 

97.760 

127 

114.910 

.  14 1 

102.080 

9. 

225 

95.600 

1ft 

123. 540 

2  8 

117. 680 

42 

75. 270 

56 

103.920 

70 

10b. 820 

84 

109.670 

98 

116.470 

112 

109.900 

126 

113.  380 

10. 

135 

78. 960 

1ft9 

.74.710 

163 

90. 290 

177 

96.530 

191 

100. 3  10 

205 

101.730 

219 

79.520 

ft 

76.070 

22 

78.610 

36 

ICS. 210 

11. 

16S 

81.430 

179 

7  6 . 3c  0 

193 

1C3  .  1  a 0 

207 

96.240 

221 

9C. 060 

10 

07.910 

24 

8  1. 540 

38 

1 11. 600 

52 

Ro .690 

6  6 

76.110 

12. 

120 

03.980 

134 

101 .S«0 

108 

122. 620 

162 

1G6.80O 

176 

122. 600 

1  90 

80.780 

204 

90. 513 

218 

79.  180 

7 

121. 600 

21 

115.340 

13. 

30 

88,910 

aft 

109.  160 

55 

1  14. 680 

72 

77.6  70 

86 

120.000 

100 

88 . 100 

lift 

119.740 

120 

84.700 

1  ft? 

02.000 

156 

1  1  7.  %20 

14. 

75 

65. 520 

0  9 

84.500 

103 

87.490 

117 

ioo.  no 

131 

92.470 

145 

106.460 

159 

7  9.  8*»0 

173 

81.300 

107 

96.700 

20 1 

90.670 

13. 

210 

100.  540 

22ft 

108. 500 

13 

01.  1 10 

27 

118. 0  TO 

41 

01.000 

55 

108.030 

69 

82. 190 

33  . 

83.970 

97 

125. 3%0 

111 

n  j.  120 

191 

75.960 
26 

7 J . 520 
22  \ 

ICS.  120 
56 

105. 980 
116 

103.9  10 
131 

56.210 
10  1 

76. 960 
7  1 

115.710 
16  1 

106.720 

1 1 

73. 290 
206 

99. 3*0 

4  1 

80.100 

106 

77.790 

86 

1  26.  020 
176 

13  0.  110 


160 

70. 2 40 
151 

69.  360 
159 

74. 440 


152 

1 Q  4 . 0  20 

156 

1  16.  280 
161 

1 10.530 
160 

72.230 

153 

121.340 

153 

99.730 

163 

88.  920 
162 

93.050 

155 

119.750 

154 

1 19. 760 

157 

1 19. 950 
165 

87.500 


185 

10  0.  135 

54.  300 

5 

77.490 

110 

1  2  1.890 
20 

108. 230 
95 

04.  950 
20  0 

97.420 

155 

1  19.560 
140 

103.550 

50 

79.  890 
80 

1  16.  240 
35 

98. 700 
170 

91.  750 
215 

82.  290 
125 

95.  270 


192 

193 

194 

195 

95. 010 

98.070 

10  1.520 

102. 630 

2  7 

28 

29 

JO 

1  15.0  70 

1  15.  100 

80.840 

107. 2r'0 

2  22 

22) 

22'* 

2  25 

74.540 

90.710 

35.550 

)  1 . 2  30 

57 

50 

59 

60 

77.400 

104.360 

123.940 

11 3. 4  10 

117 

lift 

1  19 

120 

1 15. 400 

80.850 

rid  .flSO 

98.630 

132 

13) 

1  3  4 

1  35 

89. 770 

76.  170 

9  7.720 

71.590 

102 

10) 

1  04 

10  5* 

73.400 

78.920 

94 .25C 

104. 330 

72 

73 

7ft 

75 

79.640 

1  17.070 

0ft  .27C 

6  d . 070 

162 

163 

16ft 

165 

109. 000 

Oft. 980 

76.060 

90.200 

12 

13 

14 

15 

102. 310 

97. 340 

126 .790 

07.670 

207 

209 

209 

2  10 

106.070 

97.350 

76 . 350 

105.640 

ft2 

*  3 

lift 

45 

76.090 

98.4  1  0 

91  .470 

99.670 

1ft? 

149 

1  4  9 

15C 

73. 450 

123.880 

32 .430 

99.000 

37 

38 

89 

90 

102.270 

84.660 

96.460 

7  9. 0  30 

177 

170 

179 

180 

94.220 

109.4  JO 

00.140 

103.220 

179 

60. 440 

1  9ft 

98. 140 

209 

72.510 

224 

7  6. 160 

166 

104.760 

181 

67.030 

196 

71.910 

2  1 1 

106.493 

17ft 

1  16. 4  40 

139 

94.370 

204 

77.840 

219 

74.  ICO 

167 

74.060 

192 

70. 100 

1  .7 

94.970 

212 

99 . u  SO 

171 

89. 860 

166 

76. 100 

201 

83.590 

216 

9  0 . 5 10 

176 

123.500 

191 

1 00.360 

206 

91.420 

221 

9 1. 500 

175 

92.020 

190 

73.200 

205 

100.310 

220 

95. 250 

173 

79.040 

138 

75.330 

203 

77 . 0^0 

213 

72.7J0 

169 

101. 380 

183 

99,900 

198 

115.050 

2  13 

95.730 

170 

103.710 

193 

100.790 

2  03 

116 .590 

223 

99.700 

177 

78.750 

-  192 

100.280 

207 

84 .030 

222 

63. 310 

170 

99. 660 

185 

95-910 

200 

94.070 

215 

80.590 

169 

102.560 

104 

07.640 

199 

74.170 

214 

7  S . 173 

172 

73.790 

107 

93.640 

202 

77.230 

2  17 

106.  2  ‘'O 

180 

105.740 

195 

105.740 

210 

106 .120 

225 

9  8. 8C0 

199 

21) 

2 

16 

77. 800 

105.420 

79.260 

7ft. 340 

79 

93 

107 

12  1 

07.840 

109. 990 

107.420 

95.640 

19 

33 

a? 

61 

95.520 

74.550 

73.560 

90.950 

124 

1  J8 

152 

166 

83.  *•  30 

76.390 

1 1ft. 760 

106.600 

34 

4ft 

62 

76 

102.93) 

76. 100 

114.010 

1 18.920 

109 

123 

1  37 

15  1 

99. 8G0 

11 9.030 

1  10.400 

70. 800 

214 

3 

17 

31 

81.090 

74.510 

76.660 

85.320 

169 

19) 

197 

2  11 

104.040 

90. 350 

107.080 

90.700 

154 

168 

182 

196 

90.620 

101. 100 

79.670 

0  3.780 

bft 

79 

92 

106 

97.570 

119.040 

31.700 

104.640 

9ft 

10ft 

122 

1)6 

105. 180 

77.600 

102.660 

77.400 

49 

63 

77 

9  1 

109. 660 

99. -480 

101.750 

7*. 720 

1  0  ft 

1  90 

2  12 

1 

90.  100 

110.290 

103.590 

101.2)0 

ft 

18 

32 

46 

104. 240 

1 1ft. 720 

76.390 

97.830 

1  )9 

153 

167 

13  1 

76.5J0 

51.330 

00.350 

76.120 

239 
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APPENDIX 

XVII  Number 

of 

tillers  per  plant 

at 

Parkland 

PJUKLAJ-'O  'Til 

1  (.A Tb'  ‘/-I  , 

VJ“i,vg 

07  T  !  1  !  F  k  >  f  f  K 

rijwr 

(Hock) 

18  f 

l.  15.400 

o 

o 

rs  O 

x  • 

«-  r-i 

13  J 

13.200 

1  U  4 

1  2 . H00 

185 

16.000 

1  dt, 

1  1.600 

1  d  7 

12. 203 

188 

12. 600 

189 

11. 300 

190 

1  1.700 

19  1 

11.900 

192 

13. 700 

193 

12.300 

194 

15.200 

195 

1  1.000 

2. 

16 

12. 900 

17 

12.800 

U 

14 .400 

19 

14.100 

20 

1  3. 500 

2  1 

16.-»C0 

22 

1  2. 500 

23 

12. 800 

26 

11.800 

25 

1  3.700 

26 

1  ).  300 

27 

14. 800 

28 

14.100 

29 

1 3.200 

JO 

12.600 

3. 

211 

12. 500 

2)2 

1 4.600 

211 

14,300 

214 

12. 600 

215 

1  I. 600 

216 

13.000 

217 

12. 000 

2  10 
12.700 

2  19 

13.  t>00 

220 

15.900 

221 

12. 600 

222 
a. 900 

223 

16.300 

224 

13.200 

225 

13.300 

A. 

16 

1*.  600 

47 

1 1.500 

48 

12.000 

4  9 

13. nOO 

so 

16.600 

51 

14.600 

5  2 

12.600 

53 

15.700 

64 

12.200 

55 

1  3.400 

56 

1  2.  100 

57 

12. 200 

53 

12.900 

59 

15.700 

60 

14  .  JCO 

5. 

106 

15.  667 

107 

1).  ICO 

108 

13.600 

109 

12.900 

no 

1  1.200 

1  1  1 

15.600 

112 

10.900 

1 1  J 

1 3.500 

1  14 

16. 400 

115 

1 1. 300 

116 

1  2.  800 

1  1  7 

15. 200 

110 

12.100 

i  19 

11.300 

120 

17. 200 

6. 

121 

*15.  *00 

122 

12 .4C0 

123 

12.600 

124 

14.000 

125 

10.400 

126 

12.400 

127 

1 3. 700 

1  28 

1  1 . 000 

129 

11. 200 

130 

1 2. 100 

1  J 1 

14. 200 

132 

14. 900 

133 

12.000 

1  34 

10.600 

135 

12.700 

7. 

9  1 

10. 200 

92 

13.100 

93 

14.  100 

9  9 

12.200 

95 

8.200 

96 

10. 500 

97 

16 . U  0  0 

98 

1  1.  100 

99 

14.200 

100 

1 3.000 

10  1 

1  1.  300 

102 

12. 800 

10  3 

10. 000 

1  04 

1  3.000 

105  * 

1  1  .500 

8. 

61 

15.  100 

62 

14.200 

63 

13.300 

64 

10. 700 

65 

1  1.600 

66 

10.420 

67 

13. 700 

68 

1 1. 800 

69 

14.300 

70 

12. 400 

71 

14.000 

72 

10. 103 

73 

14. 400 

74 

14.700 

75 

11.600 

9. 

1S1 

11.700 

152 

16.  100 

153 

12.900 

154 

12.700 

155 

1 3.200 

156 

1  1 .600 

157 

14.600 

158 

12. 100 

159 

11.500 

160 

10. 4Q0 

16  1 

1 1.  9C0 

162 

11.800 

163 

12.700 

•1b  4 

10. 100 

165 

1  2.  800 

10. 

1 

15.  300 

2 

17.100 

3 

10.400 

4 

13.800 

5 

11.900 

6 

11.700 

7 

1 J. 300 

8 

10. 300 

9 

13.400 

10 

13.100 

1  1 

1  1.400 

12 

11. 303 

13 

14.100 

14 

12.900 

15 

17.600 

11. 

196 

17.  100 

197 

T4.0CC 

198 

13.100 

199 

11.100 

200 

1 3.500 

201 

12.400 

202 

1 5. 400 

203 

12.900 

204 

13. 500 

205 

1 3.400 

206 

13.^00 

207 

1  J. 503 

208 

16.400 

2  09 

14.200 

210 

18.700 

12. 

3  1 

18.500 

32 

12.  100 

33 

15. 700 

34 

14.200 

35 

1 5.300 

36 

16.200 

37 

1  1.400 

38 

1 1. 300 

39 

11.300 

40 

12.600 

41 

14.430 

42 

11.100 

43 

15. 300 

44 

15.600 

45 

1  3.800 

13. 

136 

16. 300 

137 

15.700 

138 

13.000 

1  39 

1C. 4C0 

140 

12.500 

14  1 

16.3-20 

14  2 

11.300 

143 

13.900 

144 

12- 400 

145 

13.800 

146 

12. 430 

147 

12.500 

143 

13.500 

1  49 

19.800 

150 

1  2.  700 

14. 

76 

18. 800 

77 

11.000 

78 

14.400 

79 

12.800 

80 

1 3.200 

8  1 

12.600 

82 

13.  500 

33 

13.800 

84 

1  1. 900 

85 

1 5.300 

96 

14.500 

3  7 

1 1 .400 

68 

12.000 

89 

15.300 

90 

15.000 

15. 

166 

19.700 

167 

13.300 

168 

13.400 

169 

1 5.400 

170 

16.400 

171 

15.200 

172 

1 1. 400 

173 

12.500 

174 

13.600 

175 

12.200 

176 

13.600 

177 

13. 700 

178 

16.200 

179 

10.656 

130 

16.300 

R£?LtCArtO:f-2, 

19 

29 

44 

59 

79 

89 

104 

119 

134 

149 

164 

179 

194 

209 

224 

1. 

13.  700 

9.000 

14.  ICO 

15.500 

10. 60C 

1 1.700 

13. 400 

11.200 

15. 300 

9.900 

11.600 

3.200 

12.400 

9.200 

1  1.  300 

1 

16 

31 

46 

61 

76 

91 

106 

121 

136 

151 

166 

181 

196 

211 

2. 

15,  300 

1 1 .100 

12.600 

10.200 

12.400 

1 1 .600 

1  1.  200 

13.500 

9.000 

12.900 

10.700 

12. 200 

9.600 

10.300 

13.400 

9 

24 

39 

54 

69 

89 

99 

1  14 

129 

144 

159 

174 

139 

2C4 

219 

3. 

16. 800 

15.  100 

13. 000 

14. 600 

1  1.600 

10  .800 

1  2. 400 

13.500 

12.000 

1  1.700 

10. 330 

15. 200 

10.100 

13.500 

17.100 

2 

17 

32 

9  7 

62 

77 

92 

107 

122 

137 

152 

167 

182 

197 

212 

4. 

15.700 

10.900 

1  1.  400 

10. 600 

1 4.900 

12.200 

12.600 

17.000 

11.200 

12.667 

12.  130 

12.000 

3.000 

13.900 

1  3.200 

6 

21 

36 

51 

66 

31 

96 

1  1  1 

126 

141 

156 

17  1 

186 

2C1 

2  16 

3. 

11.  500 

12.900 

10.200 

10.000 

10.700 

12.920 

8.  SCO 

1 9. 500 

12.700 

1 2.300 

14.900 

10.300 

8.700 

12.800 

12.556 

11 

26 

4  T 

56 

71 

86 

10  1 

1  16 

131 

146 

16  1 

176 

191 

206 

221 

6. 

9.  400 

13.200 

16.500 

12.4C0 

1 3.400 

13.900 

1 1.7C0 

15.900 

13. 300 

1  1.800 

14.230 

13. 200 

1  1.800 

13.500 

1 1.800 

10 

25 

40 

55 

70 

85 

100 

1  15 

130 

145 

160 

175 

190 

2  05 

220 

7. 

11.  600 

1 1.800 

9.7C0 

12. 600 

19.500 

1  1 .900 

1 1.900 

9.500 

14.300 

12.830 

8. 500 

ii.aoo 

11.700 

9.300 

10. 200 

3 

23 

38 

53 

68 

83 

98 

113 

128 

143 

153 

173 

183 

203 

213 

8. 

11.  400 

14.200 

9.  ICO 

9.  SCO 

1  1.200 

8  -  4  CO 

1  1. TOO 

9.500 

9.600 

12.500 

12. 500 

1 1 . 700 

1  1.800 

10.000 

1  2. 800 

3 

18 

33 

48 

63 

78 

93 

108 

123 

139 

153 

163 

133 

193 

213 

9. 

9.  100 

11.300 

10.300 

1 2. 600 

1 0.900 

10.320 

10. 444 

1 1. 400 

13.300 

9.000 

9.900 

1 1 . 000 

9.500 

11.290 

15.600 

13 

28 

43 

58 

73 

33 

103 

1  18 

133 

148 

163 

178 

193 

208 

22  3 

10. 

22.  667 

23.444 

1 7. ICQ 

10.222 

1 3.500 

1 1.6C0 

10.  70b 

9.400 

10.900 

1 3.600 

9.600 

17.000 

7.800 

1  1.3CO 

12.800 

12 

27 

42 

57 

72 

37 

102 

117 

132 

147 

162 

1*77 

192 

207 

222 

11. 

12.800 

10.4CO 

8.600 

7.  700 

9.000 

9.600 

1 2.100 

1 0.400 

10.200 

8.900 

15.230 

6.800 

1 1. 000 

9.600 

10.400 

5 

20 

35 

50 

65 

83 

9  S 

1  10 

125 

140 

155 

170 

185 

200 

215 

12. 

9.  100 

12.000 

11.  100 

1  1. 600 

d.  30  0 

12.700 

9.000 

11.800 

9.  100 

1 2.200 

1 1.  500 

3.  500 

12.500 

13.400 

12.700 

9 

19 

3  4 

49 

64 

79 

99 

1C9 

124 

139 

154 

169 

184 

199 

214 

13. 

16.400 

14.700 

13.900 

1  4 . 100 

12.200 

10.000 

1 4. 700 

10.806 

16.400 

1  1.800 

15. *0 0 

16.900 

10.300 

10.400 

14.300 

7 

22 

37 

52 

67 

32 

97 

1  12 

127 

142 

157 

172 

187 

2C2 

2  17 

14. 

19.200 

12.900 

11.300 

9.800 

12.000 

1 1.800 

13. 800 

12.400 

15. 300 

1 0.300 

12. SCO 

1 1 . 900 

11.900 

1J.6O0 

13.900 

15 

30 

45 

60 

75 

9C 

1C  5 

120 

135 

ISO 

165 

1  80 

195 

210 

225 

13. 

15.  300 

11.222 

1  1.  100 

1 4. 800 

1  1.200 

10.400 

12.800 

13.400 

14.200 

9.500 

10.900 

13.  600 

3.700 

12.700 

12.200 

JtZPLICATIOJI-j , 


1. 

45 

15.300 

59 

14.900 

73 

15.900 

87 

12-  100 

101 

15. 200 

1  15 

13. SCO 

129 

16.600 

143 

13. POO 

157 

U-  800 

17  1 

9.700 

135 

1 1.  371 

199 

12. 200 

213 

13.600 

2 

14.300 

16 

16.800 

2. 

150 

11.000 

164 

13. SCO 

178 

15.UCU 

192 

1 2.800 

206 

1  1.700 

220 

13.200 

9 

19.600 

23 

10.444 

37 

10.700 

51 

1  3.300 

65 

14. 000 

79 

10.600 

93 

17.200 

107 

12.700 

121 

13.300 

3. 

90 

13. 200 

104 

1  1  .  ICO 

118 

8.  100 

l  3  2 

TS. 600 

1  4  6 

12.600 

160 

9  -  6  G  3 

174 

1 3.000 

138 

13.300 

20  2 

10.500 

216 
t  1.000 

5 

9.  200 

19 

t5. 50 0 

33 

12.400 

07 

12.000 

61 

11.900 

6. 

195 

11.  100 

209 

13.200 

223 

14.400 

12 

17.000 

26 

11 .800 

40 

15.300 

54 

12.000 

68 

1  0.400 

82 

12.300 

95 

9.500 

110 

14. 500 

124 

14. 2C0 

133 

10.000 

152 

12.900 

166 

13.200 

5. 

105 

15. 300 

119 

10.4C0 

133 

9.600 

147 

1 0. 900 

151 

12.030 

1  75 

7.900 

189 

11.  250 

203 

12. 700 

217 

14 . 400 

6 

9.300 

20 

15.100 

J  4 

19.667 

48 

1 0.800 

62 

12.500 

76 

1  3.000 

6. 

'33 

14.900 

194 

12.700 

206 

12.2C0 

222 

9.700 

11 

8.330 

25 

I3.GC0 

39 

1  1. 600 

53 

13. 300 

67 

11.000 

61 

1  0.  900 

95 

9.600 

109 

9.  900 

1 2  J 

1 4.500 

137 

13.400 

151 

10.600 

7. 

60 

20. 600 

74 

12.600 

88 

1  1. 900 

102 

14.000 

1  16 

13.900 

1  30 

10.6C3 

14  4 

10.400 

158 

12.400 

172 

11.900 

186 

10.400 

20  0 

11.  600 

2  14 

11.600 

3 

9.200 

17 

11.200 

31 

3.773 

9. 

15 

15.  100 

29 

14. 4C0 

43 

12.600 

57 

9.900 

71 

14.500 

85 

12. JCO 

99 

10. 600 

113 

9.200 

127 

12. 700 

14  1 

10.900 

155 

10. 400 

169 

11.700 

1  0  J 

1  1  .400 

197 

13.900 

2  11 

1  1.000 

9. 

225 

9.  630 

14 

13.4G0 

20 

11.300 

42 

1 1 . 300 

56 

8.50  0 

70 

10.400 

94 

13. «00 

9  8 

10.000 

112 
fl.  600 

126 

9.<&Q0 

140 

1  1.500 

154 

3.  900 

160 

12.000 

102 

9.000 

196 

1  1.  300 

10. 

135 

15.700 

149 

10.800 

163 

12. 300 

177 

10.  60.0 

141 

1 1.  100 

205 

10. 6C3 

219 

10.400 

8 

10.800 

22 

11.900 

36 

10.700 

50 

8.HQ0 

64 

10. 800 

78 

11.600 

92 

1  1  .600 

106 

10.200 

U. 

166 

9.700 

179 

1 0 . 600 

193 

13. 100 

207 

8 . 800 

221 

1  1.200 

10 

10.444 

24 

13.300 

38 

12.500 

52 

11.700 

66 

13.  100 

80 

1  2.  100 

94 

12.400 

108 

10.800 

12.7 

18.100 

136 

14. JOO 

12, 

120 

11.  «*oo 

1  34 

9.  100 

149 

1 3 . 0  C  0 

1  62 

13. 200 

176 

9.80  0 

190 

1 0.3  CO 

20  4 

1 1 . 900 

218 

12.600 

7 

12. 700 

21 

12.900 

35 

10.  300 

4  9 

11.500 

6  3 

1  2.200 

77 

10.900 

9  1 

1  1.000 

13. 

30 

11.300 

44 

12.500 

53 

13.000 

72 

10.400 

86 

14.90Q 

100 

10.  100 

114 

13. 600 

128 

9.500 

142 

11.500 

156 

12.300 

170 

9.  700 

10  4 

10.500 

199 

11.100* 

21 2 
9.300 

1 

1  2.  100 

16. 

75 

9.375 

99 

1  1.400 

10  3 

12.400 

1  1  7 

0.800 

131 

10.000 

145 

1 1.403 

159 

1 1. 400 

173 

10.300 

187 

9.  889 

201 

10.000 

215 

10.500 

4 

13.200 

19 

12. 100 

32 

13.600 

46 

1 1.300 

13. 

214 

1J. 300 

224 

11.100 

13 

10. JCO 

27 

1  1  .SCO 

41 

11.200 

55 

12.600 

69 

11. 200 

dJ 

10.405 

97 

13.400 

1  1  1 

10.100 

125 

10.  ICO 

1  39 

8.300 

153 

1 0.300 

167 

10.000 

131 

11.200 

240 
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APPENDIX  XVIII 


Number  of  spake lets  per  spike  at  Parkland 


rAHMLA«D  '  .  LICATloN-l, 

kh 

op.  spikelfts  r»* 

CPIlft 

OUCV)  ,ol 

1.  11.467 

142 

14.600 

16  3 

13. 300 

18  4 

13. H00 

145 

13.467 

1  Hi, 

13.400 

Itf  7 

14.  ICO 

2. 

16 

12,967 

17 

1  3.  iOO 

IB 

15.  167 

19 

1  4.  *100 

20 

1  5.  367 

21 

16.300  . 

71 

1 1. 967 

3. 

211 

1».  533 

212 

13.067 

2  13 

13.133 

2  14 

12. 433 

2  15 

12.567 

2  16 

13 . 867 

217 
1m. 733 

4. 

9$ 

15. 000 

47 

13.233 

4  fl 

12.9 JJ 

»? 

14.4 J3 

50 

15.200 

51 

12. 9 33 

52 

1  3.767 

3. 

106 

11.  630 

107 

14.567 

108 

1  3 .  o  6  7 

109 

14. 60-0 

1  10 

19.533 

1  1  1 

16.167 

112 

1  4  .  ?C  J 

6. 

12  1 

15.  700 

122 

14. 6  CO 

123 

15. 333 

1  24 

16. 433 

125 

12.800 

126 

14.833 

127 

1  5 .  C  2  0 

7. 

9  1 

14. 000 

92 

12.733 

93 

16.400 

94 

14 . 400 

95 

12.967 

96 

14. ICO 

97 

15. 467 

8. 

6  1 

1«.  200 

62 

14 .800 

63 

14.467 

69 

14.700 

65 

1 3.833 

56 

13.203 

67 

15. 223 

9. 

15  1 

13.6C0 

152 

19.767 

153 

14 .700 

154 

16. 067 

155 

15.000 

156 

14.667 

157 

1  7  •  G  C  3 

10. 

1 

14. 600 

2 

15.  100 

3 

15. 433 

4 

15. 300 

5 

15.267 

6 

14.167 

7 

16.  103 

11. 

196 

15.  900 

197 

1  4.067 

198 

16.800 

199 

13. 833 

200 

14.3JJ 

201 

T4.467 

20  2 

15.  16? 

12. 

31 

14. 600 

32 

13.667 

33 

19.333 

3  4 

15. Jo7 

35 

13. dJ3 

36 

14.600 

37 

14.503 

13. 

136 

15.000 

137 

14 .400 

138 

13.767 

1  39 

1 9. 267 

140 

1«  .93  3 

14  1 

14. 1  JO 

142 

I  4.  767 

14, 

76 

15.  533 

77 

12.367 

78 

16.967 

73 

15.333 

30 

15.133 

3  1 

14.133 

82 

13.367 

13. 

166 

16.300 

167 

13.933 

t68 

13. 800 

169 

14. 3C0 

170 

14.1Q0 

171 

14.733 

172 

1 3.433 

188 

14.667 

189 

13.700 

190 

1  2.  600 

19  1 

14.200 

192 

12. 767 

191 

13.33) 

194 

11.933 

195 

14.867 

23 

12.700 

24 

12. J J3 

25 

1  3.  900 

25 

13. 73J 

2  7 

15. U00 

28 

15.  167 

29 

13.767 

30 

1 J.93 3 

218 

12.467 

219 

13. 367 

220 

1  3.800 

22  1 

15.  100 

222 

H.  33) 

223 

13.9CO 

224 

12.933 

225 

14.331 

5  3 

14.400 

54 

15. 400 

55 

13.967 

56 

15. 767 

57 

13.733 

58 

1 4.367 

59 

15.533 

60 

14. 367 

113 

13.667 

1  1  4 

1 J. 267 

1  15 

13.  133 

116 

14.633 

117 

14. 900 

118 

15. 100 

1  19 

15.933 

120 

14.133 

128 

14.0 J3 

129 

14.93) 

130 

1  3.0  J  J 

131 

15.  267 

1)2 

16.513 

133 

13.333 

1  34 

15.033 

135 

14.000 

98 

14,900 

9  9 

14.  100 

100 

1 3. 800 

10  1 

12.833 

102 

1«. 233 

103 

1  1.967 

10'4 

14  .700 

105 

12.933 

68 

14.  567 

69 

14.700 

70 

13.600 

7  1 

15.700 

72 

13.433 

73 

15.931 

74 

14.167 

75 

15. 833 

158 

15. 500 

159 

19.200 

160 

1 3.4  3J 

16  1 

15.567 

162 

14. 200 

163 

12.867 

164 

1  3.4  67 

165 

15.367 

8 

1  3.700 

9 

14.600 

10 

I 2.300 

1  1 

13.933 

12 

14. 500 

13 

14. 333 

14 

15.433 

15 

1 5.2 J  3 

20  3 

12. SCO 

20  4 

14.657 

205 

14. 567 

206 

15. 633 

207 

14.967 

2  03 

1 3.233 

209 

15.333 

210 

16.067 

38 

13.S3J 

39 

13. 833 

40 

15.400 

4  1 

13.333 

42 

12.600 

43 

14.400 

44 

14.100 

45 

1S.0C7 

143 

15.567 

144 

14.033 

145 

1 0.333 

146 

13.300 

147 

13. 800 

148 

16.  100 

149 

15.000 

150 

15.300 

83 

13.433 

84 

13.600 

85 

14.433 

96 

16.  100 

87 

14.067 

88 

1 5.200 

89 

14.200 

90 

14.033 

173 

13.900 

174 

14.067 

175 

1  3.867 

176 

16.633 

177 

13.900 

178 

14-.73  3 

179 

14.935 

180 

15.467 

R£tfLICATtCS-2. 


1. 

14 

14. 700 

29 

13.767 

44 

12.600 

59 

14. 400 

74 

11.233 

89 

1  3.767 

104 

1 0.933 

119 

1 3.067 

134 

12.667 

109 

1  1.800 

164 

12-  167 

179 

14. 367 

194 

12.667 

209 

14.300 

224 

1  1.633 

2. 

1 

13.  300 

16 

12.  133 

31 

12.933 

46 

12. 567 

61 

13.600 

76 

15  .267 

9  1 

12.233 

106 

15.200 

121 

12. 300 

136 

1  2.667 

151 

12.  567 

166 

14.933 

181 

10.033 

196 

1  1  .900 

2  11 

1 4.367 

3. 

9 

14.467 

24 

13. 167 

39 

12.300 

54 

1 3.067 

69 

12.333 

84 

15 .267 

99 

1  3.633 

1  14 

14.500 

129 

13. 633 

14  4 

12.067 

159 

13.967 

174 

1J.867 

109 

12.100 

204 

13.267 

2  19 

1  1.567 

4. 

2 

14. 200 

17 

13.933 

32 

13.933 

47 

13. 733 

62 

13.367 

77 

12.267 

92 

1 4. 067 

107 

15.233 

122 

13. 767 

137 

15.370 

152 

13.600 

167 

1 1. 800 

132 

11.133 

197 

12.633 

2  12 

13.133 

5. 

6 

1*.  20  0 

21 

17. COO 

36 

14.700 

51 

14. 533 

66 

1  3.233 

9  1 

14.067 

96 

13.Sr7 

1  1  1 

15.867 

126 

13.900 

141 

13.233 

156 

14.  867 

171 

14.900 

106 

12.500 

201 

14.767 

216 

13.259 

6. 

1 1 

13.  8C0 

26 

13.367 

41 

13.933 

56 

15.033 

71 

13.833 

96 

15.267 

10  1 

1 3. JC3 

116 

14.800 

131 

14. 767 

146 

1 4.000 

161 

14.  333 

176 

15.900 

191 

15.100 

206 

14.967 

221 

13.433 

7. 

10 

14. 367 

25 

15 . 033 

40 

14.867 

55 

14.296 

70 

14.067 

85 

12.667 

100 

13.567 

1 15 

13.000 

130 

1 3.900 

145 

14.767 

160 

12.467 

175 

14. 367 

190. 
12. 367 

2  05 

13.200 

2/3 

1 3. 433 

3. 

8 

12.370 

23 

13.333 

38 

12.83J 

53 

15.  100 

68 

1  3.733 

83 

13.567 

■99 

13.567 

1  13 

14.233 

128 

12.967 

143 

14.300 

158 

15.667 

173 

13.333 

133 

13.567 

2C3 

14.467 

218 

1 3.933 

9, 

3 

13. 300 

18 

14.667 

33 

14.  133 

4  8 

1 3 . 867 

62 

15.467 

78 

16.233 

93 

14.33) 

108 

1 1.778 

123 

15.  167 

•  138 

15.033 

153 

13.633 

168 

14. 867 

183 

13.933 

193 

12.433 

213 

14.233 

10. 

13 

13. 222 

28 

15. 593 

43 

14. 133 

58 

13. 963 

73 

15.533 

83 

12.467 

10  3 

12.900 

1  18 

12.800 

133 

11.833 

148 

15.600 

163 

11.567 

178 

13.933 

193 

13,767 

203 

14.333 

223 

1 3.933 

u, 

12 

14. 967 

27 

13.833 

42 

10.867 

57 

1 3. 233 

72 

13.133 

87 

14.933 

102 

1  3.567 

1  17 

14.733 

132 

12. 633 

147 

12.867 

162 

14.300 

177 

13.633 

192 

12-967 

2  07 

12.967 

222 

13.457 

12, 

5 

19. 400 

20 

14.600 

35 

14.100 

50 

13.900 

65 

13.933 

80 

15.700 

95 

13. s:o 

110 

15.167 

125 

15-267 

140 

13.300 

155 

14.9 33 

170 

13. 333 

135 

1 3.967 

2  00 
14.6  33 

2  15 

1 2.667 

13. 

4 

13.767 

19 

13.967 

34 

15.667 

49 

1  3. 767 

64 

14.300 

79 

13.926 

9  » 

14.233 

109 

13.831 

124 

14. 733 

139 

12.633 

15a 

15. 3C0 

169 

la. 633 

134 

14.933 

199 

14.067 

219 

12.400 

14. 

7 

15. 167 

22 

14  .  1  33 

37 

15.  133 

52 

14.000 

67 

16.367 

92 

13.633 

97 

16.533 

112 

15.900 

127 

15.600 

142 

12.300 

167 

14.967 

172 

12.700 

187 

1 3.300 

2  02 
13.433 

2  17 

1 5. 267 

15, 

15 

14.467 

30 

14.519 

45 

14.833 

60 

16. 433 

75 

15.967 

90 

14.833 

105 

13.933 

120 

14.500 

135 

15. 400 

150 

14.333 

165 

15.233 

180 

15.533 

195 

14.667 

210 

15 . 100 

225 

1  3.  100 

g/TLI  CAT  109-3, 


1. 

45 

13. 667 

59 

15-367 

7  J 

14.067 

H  7 

10.0)3 

10  1 

12.000 

1  15 

11.433 

129 

13.333 

143 

10.067 

157 

1* . 057 

171 

12.200 

185 

12.874 

199 

11.000 

2M 

1  3.767 

2 

13.133 

16 

1  i. 833 

2. 

150 

11.76  7 

164 

12.600 

178 

14.633 

142 

12. 333 

206 

14.267 

220 

12.SOO 

9 

14.333 

23 

10.926 

37 

11.967 

S  1 

1  3.  733 

65 

13.633 

79 

11.667 

93 

14.000 

107 

12.567 

121 

12.033 

3. 

90 

12.  600 

104 

13.367 

1  18 

13.9)3 

132 

14.533 

146 

13.067 

160 

1  1.533 

174 

14. 467 

188 

1  1. 457 

202 

13. 967 

216 

13.467 

5 

12.267 

19 

14.033 

33 

10.03) 

47 

1 1.000 

61 

1  1 . 300 

4. 

19  S 

13. 300 

2C9 

12.067 

223 

14.633 

12 

19.400 

26 

1 1.800 

40 

1  3.833 

54 

1  J.  90  J 

60 

12.  167 

82 

14.700 

96 

13.63 J 

110 

14.733 

124 

12.  9  33 

133 

11.6  13 

152 

12 .967 

166 

13.433 

5. 

105 

14.  300 

1  19 

13.500 

133 

10.767 

147 

11.333 

161 

13.633 

175 

11.433 

189 

13.453 

20  3 

1  *.  "*67 

217 

10.  167 

6 

10. 667 

20 

13.900 

J  4 

12.037 

48 

12.500 

62 

14.267 

76 

14.667 

6. 

180 

13.609 

19* 

13. 333 

209 

13.700 

222 

1C. 767 

11 

13. 867 

25 

13.433 

39 

14.533 

S3 

13.167 

67 

13.000 

8  1 

14.500 

95 

11.  100 

109 

11.367 

12) 

14.333 

1  17 

15.133 

15  1 

14.233 

7, 

60 

15.567 

74 

13.467 

88 

14.333 

102 

13-200 

1  16 

13.333 

130 

13.900 

1*4 

14.  ICO 

158 

1  7.567 

172 

1  3.  067 

166 

12. 333 

200 

14.533 

2  14 
10.292 

3 

13.267 

17 

17,233 

31 

1  1.667 

8. 

15 

13.900 

29 

14.967 

43 

13.933 

57 

1 2.667 

7  I 

U.700 

85 

13.433 

99 

15. 300 

113 

1  3.900 

127 

14.933 

14  1 

1  J.233 

155 

13.767 

169 

14.  1 67 

183 

13.567 

197 

14.400 

2  1  1 

13.533 

9. 

22  5 

13.  900 

14 

16.533 

28 

15.033 

92 

13. 300 

56 

14.933 

70 

13.500 

84 

14.467 

98 

14.867 

112 

13.700 

126 

15.033 

140 

13.267 

154 

13. 367 

163 

14.333 

132 

14.033 

196 

1 3. 933 

10. 

135 

13.  567 

149 

12. 167 

163 

12.533 

177 

15.167 

191 

1 2.867 

205 

13.100 

219 

13.367 

0 

1  3.667 

22 

13.433 

36 

14.967 

50 

14.  767 

6* 

14.367 

78 

14.467 

92 

13.800 

108 

13.803 

u. 

165 

13. 300 

1  79 

14.433 

193 

1*  .900 

207 

14. 300 

221 

12.533 

10 

14.333 

.  2“ 

14.  267 

38 

15. 1 33 

52 

12. 800 

66 

13,367 

00 

13.600 

94 

14.000 

108 

1 2.367 

122 

15.667 

136 

13.  167 

12. 

120 

14.  7 J J 

1  3* 

14.433 

1*8 

17.  100 

162 

14.500 

176 

14.600 

190 

1*. JCO 

20* 

13.  6  3  J 

2  18 

1  J.  600 

7 

16. J  3  3 

21 

15.000 

JS 

14.700 

*9 

15.000 

61 

1  3.926 

77 

1  J.  )00 

91 

14.233 

13. 

30 

1J.  833 

4* 

15.067 

50 

15.033 

72 

1 3. 300 

86 

13.767 

100 

11.433 

11* 

16.603 

128 

14.100 

142 

J*. 333 

156 

14.967 

170 

14. 133 

184 

14.967 

193 

16.067 

212 

1 3.667 

1 

13.733 

16, 

75 

14,619 

89 

12.600 

103 

13.200 

1  17 

13- 567 

131 

13.963 

1*5 

13-13) 

159 

13.6*7 

173 

13.133 

167 

15.111 

201 

1  J.S67 

215 

13.200 

* 

15.  600 

18 

16. 400 

32 

13,067 

*6 

12.700 

13. 

210 

15.4G0 

32* 

12.633 

1) 

12.200 

27 

13.267 

9  1 

12. *67 

55 

13.267 

69 

n.  0oo 

83 

12.973 

97 

16.900 

1  1  1 

15.167 

125 

14.767 

139 

14.100 

15) 

12.257 

167 

14.133 

10  I 

U.43J 

241 
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APPENDIX  XIX  Number  of  seeds  per  spike  at  Parkland 


Kf  r !.t CATION- 1 . _ 0 r  31Pl»S  Pi  n  CMXE 


<»lock)  IM 

1.  38.  CL  7 

1U2 

02.600 

18) 

40.867 

1  0  4 

47. J00 

1H5 

ul.9  33 

1  U6 

42.5)1 

1«7 

04.  167 

1HH  189 

50.000  %  1.  300 

no 

04.7)3 

19  1 

4  1.  267 

19  2 

41.200 

193 

4  7.400 

1  94 

40.267 

195 

51.03) 

I. 

16 

47.611 

17 

07.900 

18 

00.633 

19 

0a.fl67 

•20 

4  3 . 7o 7 

2  1 

51.067 

22 

o).  3  3) 

23  2n 

39.267  37.500 

25 

00.667 

26 

51.1)3 

27 

49. JOO 

28 

46.63  J 

29 

46.  JJJ  . 

30 

«6. 867 

3. 

ii  1 

47.513 

212 

4  1 .067 

213 

45.100 

210 

36 . 067 

2  15 

40.433 

216 

45.567 

217 

50.23) 

210  219 

42.0)3  05.5)3 

220 

4  8.200 

221 

06.767 

222 

42.  JOO 

22  3 

4  3.  600 

224 

«4.5  33 

22  5 

49.567 

4. 

46 

46.91  1 

07 

03.267 

48 

47.267 

49 

44. 400 

50 

09.567 

51 

39.3)3 

52 

05.33) 

53  5o 

45.7)1  09.133 

55 

03.900 

56 

55.067 

57 

40.767 

58 

4  5.60  0 

59 

46.733 

60 

49.509 

3. 

106 

49. 000 

107 

01.733 

108 

03. 333 

109 

06. 7  33 

1  10 

46.6)3 

1 1 1 

49.367 

112 

06, 900 

113  110 

07.2)3  06.067 

115 

0  1. 0  67 

116 

o5. Ob  7 

117 

05.767 

118 

51.100 

‘1  19 
48.167 

120 

50.467 

4. 

121 

53.613 

122 

05.533 

123 

07.733 

124 

oe. 467 

125 

46.467 

126 

00.4)3 

127 

OU. 73  3 

128  129 

50.  100  50.43) 

130 

05. 467 

1  3  1 

48.033 

1)2 

50.  2  00' 

13) 

04.133 

1  34 

49.400 

135 

44. 800 

7. 

9  1 

06. 93) 

92 

«0.13) 

93 

47.100 

90 

49.600 

95 

45.133 

96 

03.967 

97 

0  5.  63) 

90  99 

48.233  06.000 

1U9 

42.833 

10  1 

00.867 

102 

OJ. 700 

10) 

o  3.  267 

104 

49.967 

105 

42.267 

9. 

6  1 

01. 033 

62 

08.667 

63 

50.933 

60 

51.567 

65 

45.63) 

66 

07.800 

6  7 

46. 867 

68  69 

06.700  06.367 

70 

00. 000 

71 

49.000 

72 

47.63) 

73 

50.000 

74 

45.567 

75 

53.867 

9. 

151 

05. 900 

152 

06.367 

153 

0  1.  8  33 

150 

51. 367 

155 

42.800 

156 

04.967 

157 

08.067 

150  159 

41.067  48.800 

160 

4  1.700 

16  1 

48. 567 

162 

42.203 

163 

43.000 

164 

47.400 

165 

5 1.500 

10. 

1 

03.667 

2 

54 . 900 

3 

55.367 

% 

08.733 

5 

51.233 

6 

09.633 

7 

50. 933 

8  9 

47.1)3  48. 033 

10 

32.13) 

1  1 

07.233 

12 

46.967 

1  3 

40.967 

14 

46.400 

15 

40.600 

11. 

196 

53. 067 

197 

06.067 

193 

56.800 

199 

40.667 

200 

07.667 

201 

47.933 

202 

08. 967 

203  204 

33.633  51.067 

205 

43.333 

20  6 

54.  167 

207 

43.833 

208 

44.467 

209 

52.433 

2  10 

47.300 

12. 

3  1 

00.533 

32 

06.500 

33 

05. 767 

30 

02.233 

35 

37. 900 

36 

46.667 

37 

07.93) 

38  39 

45.233  42.700 

40 

06.500 

01 

00.067 

42 

40. 567 

9  3 

43-257 

44 

45.533 

95 

51-467 

13. 

136 

06. 067 

1  37 

01.533 

138 

48.200 

139 

5C . 800 

1  00 

07.967 

14  1 

05.533 

10  2 

50. 667 

103  190 

50.767  49.033 

145 

34.067 

106 

06. 533 

147 

06.233 

148 

4  8.900 

1  49 

45.867 

150 

54.633 

14. 

76 

05. 767 

77 

32.733 

78 

51.533 

79 

05.933 

80 

03. 133 

81 

08.03 3 

32 

04.067 

83  QO 

<13.867  46.  167 

35 

4 1.033 

as 

45.000 

87 

45.333 

89 

50.200 

89 

45.767 

90 

4  8. 200 

15. 

16  6 

53.  633 

167 

39.333 

168 

02.367 

169 

44.500 

170 

38.500 

171 

40.300 

172 

4  1.  900 

173  170 

04.067  39.033 

175 

0  1.033 

176 

47.333 

177 

03.000 

178 

39.967 

179 

47.386 

180 

50.367 

REPLICATION-! , 

1. 

10 

00. 833 

29 

04. 600 

00 

01.333 

59 

02.600 

70 

35.333 

89 

09.167 

100 

39. 333 

119  130 

02.067  43.267 

149 

40.233 

164 

40.300 

179 

46. 700 

190 

42.03  3 

209 

45.367 

229 

40.733 

2. 

1 

05.  100 

16 

06.167 

31 

41.400 

46 

41.667 

61 

01.000 

76 

50.867 

91 

39. 200 

106  121 
06.000  45.433 

136 

40. 767 

151 

00.833 

166 

56.000 

181 

33.767 

196 

44.300 

211 

9  9.867 

3. 

9 

48. 033 

20 

01.500 

39 

02.557 

54 

41.900 

69 

38. 967 

84 

04  .900 

99 

43. 200 

114  129 

04.933  47.933 

140 

39.567 

159 

50.  TOO 

174 

02.700 

139 

41.033 

204 

45.600 

219 

a  1  .233 

4. 

2 

50. 900 

17 

05.067 

32 

00. 700 

07 

00.  133 

62 

47.000 

77 

37.167 

92 

06.533 

107  122 

06.267  06.767 

137 

4  8. 59  3 

152 

00. 167 

167 

01.367 

182 

39.800 

197 

36.333 

212 

33.600 

5. 

6 

52.  100 

21 

55.767 

36 

49.500 

57 

07.833 

66 

06.  167 

81 

09. SCO 

96 

08.767 

111  126 
51.733  05.633 

101 

03.267 

156 

O6.500 

171 

48. 367 

186 

43.300 

201 

45.067 

216 

47.963 

6. 

1 1 

03.933 

26 

56.900 

01 

45.700 

56 

52.633 

71 

40. 167 

86 

08.300 

101 

06. 000 

116  131 

46.367  09.533 

106 

50.033 

161 

03.267 

176 

50. 300 

19  1 

48. 233 

206 

49 .767 

221 

44 .6C0 

7. 

10 

02. 333 

25 

52.000 

00 

50.867 

55 

46.630 

70 

4 1.567 

as 

40.633 

100 

4 1.800 

115  130 

47.233  03.133 

145 

45.  367 

ISO 

40. 367 

1  75 

40. 667 

190 

40.267 

205 

43.133 

220 

54.033 

S. 

8 

39.  185 

23 

40.633 

39 

46.600 

53 

06. 333 

68 

42.333 

83 

01 .900 

93 

40.  100 

113  123 

42.367  43.900 

14  3 

00.633 

158 

<19.  100 

173 

05.933 

198 

41.967 

203 

47.367 

2  18 

4  1.9  67 

9. 

3 

09.533 

18 

04. 200 

33 

05.600 

o  3 

47. 167 

63 

50.267 

78 

45.533 

93 

07.741 

108  123 

36.037  02.767 

138 

05-000 

153 

00.300 

163 

43.033 

183 

4  4  .  i  6  7 

198 

4  1  .067 

213 

53. COO 

10. 

13 

09.111 

28 

50.040 

43 

42.000 

58 

02. 040 

73 

45.800 

88 

46.200 

103 

00. 300 

113  133 

44.833  00.133 

148 

52.067 

16  3 

40. 800 

178 

02. 300 

193 

42.467 

203 

49.567 

223 

45.567 

11. 

12 

50. Q00 

27 

05.233 

02 

35.667 

57 

44.300 

72 

05.967 

37 

07.367 

102 

06.333. 

117  132 

05.867  45.000 

107 

0  7.167 

162 

05.767 

177 

39.567 

192 

39. 100 

207 

39.567 

222 

«  1.600 

12. 

5 

57.  300 

20 

58.500 

35 

35. 733 

50 

45. 900 

65 

44 . SCO 

80 

03.967. 

95 

40. 300 

tic  125 

00.033  51.533 

100 

02.967 

155 

oo.  467 

170 

05.200 

135 

44.733 

200 

46.033 

215 

40. 100 

13 . 

5 

57.667 

19 

4  1.600 

30 

47.567 

09 

42.767 

60 

06.367 

79 

06.111 

90 

39.700 

109  120 

06.  105  06.067 

139 

40.600 

154 

09.400 

169 

47.200 

18  4 

40.133 

199 

46.633 

214 

44.467 

14. 

7 

09. 667 

22 

08.200 

37 

50.400 

52 

05.267 

67 

52.800 

82 

05.667 

97 

09. 900 

112  127 

50.267  50.867 

102 

02.433 

157 

02.767  - 

172 

00. 133 

197 

44.600 

2  02 

50.433 

217 

50.533 

13. 

15 

02.  000 

30 

02.015 

05 

50.  167 

60 

48.033 

75 

07.700 

90 

OB. 533 

105 

02.500 

120  135 

46.733  09.233 

150 

07.  200 

165 

49. 533 

130 

09.067 

195 

49.667 

210 

43.357 

225 

42.800 

REPLICATION- 3 . 


1. 

45 

44.433 

59 

49.767 

7  3 

40.700 

87 

35.733 

101 

37.100 

!  15 

44.967 

129 

44. 200 

143 

42. 600 

157 

51-967 

17  1 

39.567 

185 

41.019 

199 

40.800 

213 

45.567 

2 

45.567 

16 

50.  1  13 

2. 

150 

43.83) 

164 

46.900 

178 

45.667 

192 

JO . Sc  7 

206 

48.433 

220 

44.867 

9 

44. 567 

2) 

36.704 

37 

42.  367 

51 

4  6.9  33 

65 

40.267 

79 

4  1,  3  33 

93 

M.  100 

107 

37.433 

121 

45.033 

3. 

90 

46.733 

104 

47.333 

113 

49. 867 

1  32 

46.667 

146 

44.300 

160 

39.400 

174 

4  2. 100 

183 

39.467 

202 

50.557 

216 

37.800 

5 

4  1.500 

19 

46.3J3 

33 

3  3.500 

47 

36.200 

6  1 

35.200 

4. 

195 

50.  433 

2C9 

46.600 

223 

46.267 

12 

50. 300 

26 

45.333 

40 

46.333 

5  4 

46. 733 

68 

42.900 

82 

44.233 

96 

99. 300 

110 

42.  333 

124 

45. 233 

133 

39.767 

152 

43.067 

166 

46.  167 

5. 

105 

44.200 

119 

47.700 

133 

39.033 

197 

36.867 

181 

45.533 

175 

47.03) 

189 

48. 500 

20  3 

42. 400 

217 

46. 067 

6 

37.357 

20 

42.900 

34 

36. 333 

48 

39.967 

62 

44.333 

76 

49.53) 

6. 

160 

97.333 

199 

40.367 

209 

45.833 

222 

34.333 

1 1 

49.333 

25 

44.900 

39 

4  3. 867 

5) 

41.633 

67 

40. 000 

8  1 

47.367 

95 

35.  300 

109 

44. 400 

123 

48.600 

137 

96.767 

151 

96.533 

7. 

60 

49. 367 

74 

47.867 

88 

45.433 

102 

49.267 

1  16 

46.857 

1  30 

40.433 

14  4 

44 . 4  CO 

153 

49.600 

172 

42.467 

186 

4  3.  233 

200 

52-  367 

214 

23. 500 

3 

47.033 

17 

30.333 

31 

9  3.000 

8. 

15 

43.0  67 

29 

45.0  33 

43 

33.867 

57 

«5. 067 

71 

50. 86  7 

85 

4  0.200 

99 

47.400 

113 

46.467 

127 

52.400 

14  1 

0  2.33) 

155 

41. 500 

169 

52. 133 

183 

4  1 .500 

197 

46. J67 

2  1 1 

40.900 

9. 

225 

47.  600 

14 

51 .067 

23 

49.467 

42 

44. 767 

56 

49.600 

70 

4  1.933 

04 

44.  100 

48 

4  9.  100 

1 12 

97.967 

12b 

49.800 

140 

43.033 

154 

43.667 

168 

42.167 

182 

49. 100 

196 

47. 400 

10. 

135 

45. 900 

149 

39.467 

163 

38.533 

177 

4  7.  7  33 

191 

34.667 

2  05 

33.967 

219 

38-900 

8 

49.200 

22 

46. 5)3 

36 

48.533 

50 

42.933 

64 

50. 267 

78 

46.533 

92 

4  1.000 

106 

44.700 

u. 

165 

42. 2b7 

179 

45.3)3 

193 

47.633 

207 
36.0  33 

221 

35-600 

10 

41.593 

24 

47.467 

38 

» 1. 700 

52 

40. 067 

66 

4  2. 667 

00 

37. 700 

94 

44.613 

108 

33. ))) 

122 

49.833 

136 

42.900 

u. 

120 

48.033 

134 

0.867 

148 

48.067 

162 

46.433 

176 

43.033 

1  90 

48.367 

20  4 

42. d67 

218 

36.5)3 

7 

43.667 

21 

45.567 

35 

45.  100 

49 

46. 967 

6) 

43.370 

77 

32.333 

.91 

50.667 

13. 

30 

46.  100 

44 

4  3.367 

58 

48.833 

72 

42-500. 

86 

4  3.300 

100 

37.2  33 

114 

47.6)3 

123 

45.467 

142 

43.  3)3 

156 

50.  900 

170 

97.631 

10  4 

49.800 

190 

55.567 

212 

39.  16/ 

1 

43.467 

14. 

75 

50.524 

89 

45.700 

103 

64,06  7 

1  1  7 

51.500 

131 

*5.3)3 

145 

39.933 

159 

4  5.213 

17J 

42.733 

18/ 

46. 370 

201 

43.8)3 

215 

“4. 2J) 

9 

52.500 

13 

45.500 

32 

40.600 

46 

38. 167 

13. 

210 

48.  167 

22  4 

40. 867 

13 

42. 167 

27 

45.833 

41 

41.3C0 

55 

43.133 

69 

44.  133 

8) 

4  3.  462 

97 

49.  133 

111 

97,633 

125 

52.433 

1  39 

45. 300 

153 

35.633 

>67 

46.433 

181 

41.500 

242 
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APPENDIX  XX  Weight  of  seeds  per  spike  at  Parkland 


PA.JU.lAN0 

.r  iom-i  . 

V»  f  MIT 

OP  SKEI'S 

p  r/  sunt 

(3  lock) 

13  1 

192 

1  8  1 

104 

1  dS 

1  at 

18  / 

1. 

1.5*7 

1.611 

1. 569 

1.  725 

1.669 

1.766 

1.505 

15 

17 

18 

1  9 

20 

2  1 

12 

2. 

1.  750 

1.899 

1.64  1 

1.  536 

1.  J06 

1 .683 

1.  709 

211 

212 

213 

2  1  4 

215 

2  16 

217 

3. 

1.763 

1. 56  3 

1.771 

1.  455 

1 . 954 

1.048 

1 .948 

46 

47 

48 

49 

50 

51 

52 

«. 

1.756 

1  .534 

1.999 

1.611 

2.053 

1.«*57 

1. 800 

106 

107 

t08 

109 

1  10 

1  1  1 

112 

3. 

1. 952 

1 .4  84 

1 .690 

1.716 

1.455 

1.840 

1. 626 

12  1 

122 

123 

124 

125 

126 

127 

6. 

1.  6*3 

1.697 

1.732 

1.715 

1.  77  1 

1.-79 

1. 7S6 

91 

92 

93 

94 

95 

96 

97 

7. 

1. 840 

1.570 

1. 70  1 

1.  588 

1.764 

1  •  8  50 

1.S07 

6  1 

62 

63 

64 

65 

66 

67 

3. 

1.520 

1.553 

1.753 

1.826 

1.773 

1  .  645 

1.765 

151 

152 

153 

15  4 

155 

156 

157 

9. 

1.87  1 

1.663 

1.486 

1.669 

1.5  16 

1.579 

1.  573 

1 

2 

3 

4 

5 

6 

7 

10. 

1.  635 

1.704 

2.  1  14 

1 . 590 

1.992 

1.841 

1.565 

196 

197 

190 

199 

200 

20  1 

202 

11. 

1.699 

1.532 

1.966 

1. 694 

1.602 

1 .653 

1.725 

31 

32 

33 

34 

35 

36 

37 

12. 

1.  466 

1  .765 

1.633 

1.368 

1-375 

1.434 

1.  613 

136 

137 

138 

139 

140 

141 

14  2 

13, 

1.86  4 

1  .435 

1.819 

1.809 

1.676 

1.700 

1.  870 

76 

77 

78 

79 

80 

8  1 

82 

1*. 

1.406 

1  .  1 C  5 

1. 568 

1.688 

1  .393 

1.431 

1.517 

165 

167 

160 

169 

170 

17  1 

172 

15, 

1.  719 

1-554 

1.382 

1.624 

1.134 

1.772 

1.645 

R£PL 

ICATICX-2. 

14 

29 

44 

59 

74 

89 

10  4 

1. 

1.  362 

1.663 

1.509 

1.  504 

1.175 

1.931 

1 . 398 

1 

16 

31 

46 

61 

76 

9  1 

2. 

1.755 

1.670 

1.550 

1.  702 

1.602 

1  .790 

1.  122 

9 

2* 

39 

54 

69 

8o 

99 

3. 

1.336 

1.941 

1.66  1 

1 .306 

1-475 

1.626 

1. 573 

2 

17 

32 

47 

62 

77 

92 

4. 

2.111 

1.792 

1.825 

1.503 

1.428 

1-223 

1.0  10 

6 

21 

36 

51 

66 

31 

96 

3. 

2.  178 

1.976 

1.607 

1*  723 

1.855 

1.311 

1.983 

1 1 

26 

4  1 

56 

71 

86 

10  1 

6. 

1.671 

1.986 

2.  C77 

1 . 949 

1.784 

1.700 

1.738 

10 

25 

ua 

55 

70 

85 

100 

7. 

1.820 

1  .683 

1-687 

1. 524 

1.455 

1.429 

1. 494 

a 

23 

38 

53 

68 

83 

98 

6. 

1.510 

1  .565 

1.637 

1.540 

1.756 

1.59  4 

1. 463 

3 

19 

33 

4  8 

63 

78 

93 

9. 

2.051 

1.722 

1.960 

1.927 

1.86  1 

1  .529 

1.633 

13 

29 

43 

58 

73 

88 

103 

10. 

1.799 

1.569 

1.730 

1.  382 

1.493 

1.351 

1.324 

12 

27 

42 

57 

-  72 

87 

102 

11. 

1.559 

1.723 

1.269 

1.802 

1.895 

1.733 

1.  781 

5 

20 

35 

SO 

65 

80 

95 

U. 

1.698 

1.739 

1.J37 

1.  376 

1. 3S7 

1.668 

1.837 

4 

19 

34 

49 

64 

79 

94 

13, 

1.513 

1 .447 

1.657 

1.  J2S 

1.82* 

1  .76  4 

1-935 

7 

22 

37 

52 

67 

32 

97 

14. 

1.59  6 

1.713 

2.  116 

1.673 

1.791 

1.657 

1.594 

15 

30 

45 

60 

75 

-90 

105 

U. 

1.472 

1.62  4 

1.872 

1.698 

1.683 

1.900 

1.  9  17 

REPLICATION- 3. 


1. 

4  S 

1.400 

59  . 
1-252 

73 

1.386 

87 

1.055 

101 

1.262 

1  15 

1  .83S 

129 

1.545 

2. 

150 

1.922 

U« 

1.555 

178 

1.762 

192 

1.  2  19 

206 

1 .846 

220 

1.563 

9 

1.337 

3. 

90 

1.673 

1C* 

2.C64 

118 

1  .693 

132 

1.840 

1  46 
1.792 

160 

1.573 

174 

1.  285 

4. 

195 

1. 933 

209 

1.853 

223 

1.892 

1  2 

1.766 

26 

1.719 

00 

1 . 6  C  & 

54 

1.532 

5. 

10  5 

1.  550 

1  19 

1.752 

133 

1. 403 

167 

1. 376 

161 

1.545 

175 

1.705 

199 

1.969 

6. 

180 

1.534 

164 

1.570 

208 

1.799 

222 

1.  253 

1 1 

1.539 

25 

1.497 

39 

1.650 

7. 

60 

1. 597 

74 

1.875 

88 

1  .649 

102 

1.600 

1  16 

1.8  11 

130 

1.251 

166 

1.717 

•  . 

15 

1.593 

29 

1.669 

93 

1.46  1 

57 

1.810 

71 

1.894 

85 

1.437 

99 

1.766 

9. 

225 

1.  696 

14 

1.763 

28 

1.655 

42 

1.5«  1 

56 

2.  128 

70 

1.481 

84 

1 .457 

10. 

135 

1.705 

149 

1 . 7  J  6 

163 

1.505 

177 

2.1  33 

191 

1.229 

205 

1.505 

219 

1.567 

11. 

165 
1.49  7 

174 

1.711 

193 

2.028 

20  7 

1.  3 SO 

221 

1.955 

10 

1.537 

24 

1.734 

12. 

120 

1,571 

1  J4 

1.651 

1<»8 

1.561 

162 

1.674 

175 

1.474 

1  30 

1.970 

204 

1.  596 

13, 

.30 

1.710 

49 

1.557 

58 

1.741 

72 

1.620 

86 

1.930 

100 

1.426 

114 

1.591 

14. 

75 

U  751 

86 

1.611 

10  3 
1.785 

117 

1.791 

131 

1.754 

145 

1 . 504 

159 

1.  719 

15. 

210 

1.712 

22* 

1.527 

1) 

1.534 

27 

1.818 

41 

1.473 

55 

1.434 

69 

1.639 

188 

1.905 

189 

1.654 

190 

1.  7  58 

10  1 

1.496 

102 

1.  804 

m 

1.709 

154 

1.4)9 

195 

1.0)7 

23 

1 . 4  s*  9 

24 

1.599 

25 

1.679 

26 

2.  169 

27 

1.723 

28 

1.680 

29 

1.747 

)9 

1.6  15 

218 

1.6)0 

219 

1.9)4 

220 

1.731 

221 

1.  714 

22  2 

1 .647 

221 

1.574 

224 

1.4*7 

225 

1.388 

S3 

1.735 

54 

1.  761 

56 

1.6  94 

56 

2.  2)1 

57 

1.525 

58 

1.729 

59 

i.5:s 

60 

1.7  17 

1  1  3 

1.676 

1  1  4 

1.636 

115 

1.5*43 

116 

1.754 

1  17 

1.  6)5 

1  IS 
1.363 

t  19 

1.852 

120 

1.51* 

128 

1.961 

129 

1 . 937 

130 

1.4  HO 

13  1 

1.625 

1  32 
1.771 

133 

1.694 

1  74 

1.8*1 

135 

1.6)4 

98 

1.604 

99 

1.008 

100 

1.59  0 

101 

1. 606 

102 

1.  S66 

10) 

1.566 

104 

1  .5*0 

105 

1.549 

68 

1. 720 

6  9 

1.  724 

70 

1.35  1 

7  1 

1.705 

72 

1.618 

73 

1.494 

7  4 

1.51! 

75 

1.97  1 

159 

I.  386 

159 

1.817 

16  0 

1  .6)6 

16  1 
1.713 

162 

1.  459 

16  3 
1.595 

lb* 

1  .741 

'  5 

1.913 

8 

1.813 

9 

1.495 

10 

0.  8  12 

11 

1.793 

12 

1.  539 

13 

1.606 

14 

1.313 

15 

1 .632 

203 

1.697 

204 

2.023 

205 

1. 537 

206 

2.  125 

207 

1.  475 

203 

1.521 

209 

1.7~3 

2  10 

1. 574 

38 

1. 673 

39 

1.426 

40 

1.485 

4  1 

1.796 

42 

1 . 529 

3) 

1.329 

45 

1.6;  1 

45 

1.739 

143 

1.895 

144 

2.076 

145 

1.  127 

146 

1.649 

147 

t.  472 

143 

1.393 

139 

1.5  =  4 

150 

1.965 

33 

1.859 

84 

1 . 365 

85 

1.4  12 

86 

1.  4  15 

87 

1.753 

83 

1.503 

89 

1.355 

90 

1.6  37 

173 

1.740 

174 

1.321 

175 

1. 386 

176 

1.629 

177 

1. 535 

173 

1.4S1 

179 

1  .657 

199 

1.623 

119 

1.490 

134 

1.  231 

149 

1.416 

164 

1.  556 

179 

1.  641 

190 

1.308 

209 

1.5:2 

224 

1.554 

106 

1.560 

121 

1. 544 

136 

1.  268 

151 

1.  759 

166 

1.808 

131 

1.292 

196 

1.7:3 

211 

1.489 

114 

1.  372 

129 

1. 876 

144 

1.691 

159 

2.  1 10 

174 

1.443 

183 

1.532- 

204 

1.321 

219 

1.453 

107 

1.542 

122 

1.697 

137 

1.687 

152 

1.521 

167 

1.  625 

192 

1.549 

197 

1.250 

212 

1.247 

111 

1.689 

126 

1.601 

141 

1.752 

156 

U  382 

171 

1. 463 

185 

1.7  10 

201 

1.520 

216 

1.8M9 

1  16 

1. 552 

131 

1.897 

146 

2.054 

T6  1 

1. 656 

176 

1.785 

19) 

1.745 

2CS 

1  .d*8 

221 

1.  506 

115 

1.896 

130 

1.506 

145 

1.667 

160 

1.608 

175 

1.672 

190 

1.468 

2C5 

1.3)7 

210 

1.790 

1  13 

1.540 

123 

1.656 

143 

1.911 

158 

1.708 

173 

1.701 

183 

1.664 

2  03 
1.732 

219 

1.470 

1 08 

1. 463 

123 

1.513 

138 

1.  649 

153 

1.  486 

163 

1.789 

183 

1.61  1 

199 

1.520 

213 

1.5  30 

118 

1.634 

133 

1.631 

143 

1.838 

163 

1.  432 

173 

1.637 

103 

1.039 

2  08 

1.5=2 

223 

1.642 

117 

1. 680 

132 

1. 756 

147 

1.680 

162 

1.777 

177 

1.304 

192 

1.096 

2C7 

1  .*  i8 

222 

1.955 

110 

1.622 

125 

1. 976 

140 

1.591 

155 

1.541 

170 

1.709 

105 

1.669 

203 

1.511 

215 

1. 769 

109 

1.668 

124 

1.566 

139 

1.700 

154 

1.612 

169 

1.  716 

134 

1.590 

199 

1.727 

219 

1.4)7 

1  12 

1.7  94 

127 

1.802 

142 

1.761 

157 

1.432 

172 

1.719 

1.37 

1.584 

202 

1  .790 

2  17 
1.573 

120 

1.705 

135 

1. 385 

150 

1.875 

165 

1.960 

180 

1. 699 

195 

i.an'i 

2  1C 

1.632 

225 

1.593 

143 

1.602 

157 

2.022 

171 

1. 530 

185 

1.639 

199 

1.519 

213 

1.631 

2 

1.9?) 

16 

1.899 

23 

1.329 

37 

1.613 

5  1 

1.403 

65 

1.  401 

79 

1.  193 

9) 

1  .499 

107 

1.32! 

121 

1. 374 

180 

1.705 

202 

2.  130 

215 

1.490 

5 

1.715 

19 

1-613 

33 

1  .263 

47 

1  .471 

61 

1.  166 

68 

1.626 

82 

1.405 

96 

1.955 

1  10 

1.4  48 

124 

1.8  39 

139 

1.469 

152 

1.593 

166 

1.522 

20) 

1.667 

217 

1.426 

6 

1.458 

20 

1.095 

39 

1.  1  19 
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APPENDIX  XXI  1000-kernel  weight  at  Parkland 
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APPENDIX  XXII 


Yield  per  plant  at  Parkland 
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